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About this document

How the 17 Otto Starter Kit lessons meet the national curriculum.

This document maps the 17 lessons of Learning with Otto Starter Kit to the national curriculum in England
at Key Stages 2 and 3, for Computing and for Design and technology. It also shows how programming,
electronics and design skills build from lesson to lesson, and maps the 14 published lessons for the
Emote and Sense expansion kits. An appendix covers Scotland, Wales and Northern Ireland.

The lessons are written for students aged 8 to 12, which in England is broadly Year 4 to Year 7. Each lessonincludes a
teacher guide, a slide deck and a student worksheet, and runs for 45 to 60 minutes. The materials are available from
the HP Robots Educators Zone at hprobots.com. The lessons follow a recommended order, and each one also
stands on its own, so teachers can pick the lessons that fit their scheme of work. Lesson numbers in this document
follow the order of the Learning with Otto Starter Kit Teacher's Manual.

Reading the mappings Lesson focus

(o5l Primary. The lesson teaches this Create Design and 3D printing

statement directly.
® Connect Electronics, sensors and building

Supporting. The lesson contributes to
) ® Code Programming and algorithms
the statement, and other lessons complete it.

The three focus areas follow the HP Robots

C2 and C3 codes refer to Computing at Key
approach: create, connect, code.

Stages 2 and 3. DT2 and DT3 codes refer to
Design and technology. The codes are
references for this document, not official
Department for Education codes. Appendix A
gives the full statutory wording of every
statement.

How the course is organised

The 17 lessons are grouped into five units. Unit 1introduces robots and Otto's components. Unit 2 covers building the
robot and designing with 3D tools. Units 3 and 4 work through Otto's outputs, sensors and motors one at a time. Unit
5 brings them together in algorithms and autonomous behaviour, ending with a capstone project.

Unit1 Robots and their components Lessons1to3
Unit2 Building and designing Lessons4to6
Unit3 Sound, light and expression Lessons 7t0 9
Unit4 Sensors and motors Lessons 10 to 12

Unit5 Algorithms and autonomy Lessons 13 to 17
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The course at a glance

Seventeen lessons, from first ideas about robots to an autonomous vehicle. Lessons 1and 14

need no robot.

Lesson Focus What you need

Unit 1: Robots and their components

o Meeting robots ® Connect Slides and optional worksheet. No robot needed.

e Meeting Otto ® Code One assembled Otto and one computer, for the teacher.

e Testing components ® Connect Electronic components from the Starter Kit and a
computer. No build needed.

Unit 2: Building and designing

0 Building Otto ® Connect Otto Starter Kit, plus stickers or coloured paper and
markers for personalising.

o Playing with Otto ® Code Assembled Otto, computer and line-follow maps.
Stopwatches optional.

e Tinkering Otto Create Computers or tablets with Tinkercad. A 3D printer is
optional.

Unit 3: Sound, light and expression

0 Playing sounds @ Code Assembled Otto and a computer.

o Communicating with lights ® Code Assembled Otto and a computer.

o Expressing emotions ® Code Assembled Otto and a computer.

Unit 4: Sensors and motors

@ Using the ultrasonic sensor ® Connect Assembled Otto, or the circuit board with the sensor, a
computer and aruler.

o Using the servomotors ® Connect Assembled Otto, or the circuit board with the servomotors,
a computer, and paper or card, black tape and scissors for
the parking zones.

@ Using the line sensors ® Connect Assembled Otto, or the circuit board with the line sensors,
and a computer.

Unit 5: Algorithms and autonomy

@ SOS coding ® Code Assembled Otto, or the circuit board with the components,
and a computer.

@ Algorithms ® Code Slides, paper, black tape and scissors. No robot or student
computers needed.

@ Autonomous exploration ® Code Assembled Otto and a computer.

@ Line follower ® Code Assembled Otto, a computer, line-follow maps and a
screwdriver.

Q Autonomous vehicle @ Code Assembled Otto and a computer.
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Progression

How programming, electronics and design skills build across the course.

Programming starts with sequences of movement, sound and light. Loops are taught in lesson 8, and selection with
sensor input inlessons 10 and 12, after a first preview in lesson 3. From lesson 13, students combine these into
behaviours that respond to their surroundings. Algorithm design is practised unplugged in lesson 14, then applied to
the line follower and the autonomous vehicle.

The hardware follows the same pattern. Students test each component on its own before building, then learn one
output, sensor or motor per lesson. By Unit 5 they are using several together.

@ Primary: the lesson teaches this directly (O Supporting: the lesson contributes to it

Unit1 Unit 2 Unit 3 Unit4 Unit5
12 3/45 6|7 8 9/10 1 12|13 14 15 16 17

Programming

Sequence ® O OO @ O 00O
Repetition (loops) O o 00 ONON®)
Selection (if, else) @) ® 00O 00O
Comparison operators e ©o O
Randomness O @
Testing and debugging OO0 ON N |
Designing algorithms [ NON N@©)

Electronics and engineering

Sensors and actuators . NON MO)

Building and wiring ON |

Outputs: sound and light O [ N N@ O

Sensor input () O o ® O CHON®)
Motors and movement O o @) (ONON®)
Calibration o

Design and enquiry
3D design ()

Research and presentation @ o

Collecting and comparing data o O o

All coding in the course is block-based, in Otto's coding app. Variables appear as sensor readings, for example the
analogue values in lesson 12, rather than as a separately taught concept.
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England: Key Stage 2

Computing and Design and technology, Years 3 to 6.

The lessons give the most coverage to the first three Key Stage 2 Computing statements: design, write and debug
programs that control physical systems (C2.1); use sequence, selection and repetition with input and output (C2.2);
and use logical reasoning to explain algorithms and correct errors (C2.3). In Design and technology, most lessons
meet DT2-T4, "apply their understanding of computing to program, monitor and control their products”.

@ Primary: the lesson teaches this directly (O Supporting: the lesson contributes to it

Computing Design and technology
5 85359 Beg

ST T O - R O T

O O O O Ol 0000 0O 0o n
Unit1
1. Meeting robots O o O
2. Meeting Otto O O O O
3.Testing components ® O O ® 0o
Unit 2
4. Building Otto ® O O
5. Playing with Otto @) O
6. Tinkering Otto O|0 @
Unit 3
7. Playing sounds ® O ®
8. Communicating with lights ® ® O [
9. Expressing emotions ® O o
Unit 4
10. Using the ultrasonic sensor ® 06 O o
11. Using the servomotors ® O O @
12. Using the line sensors ® O (]
Unit5
13.S0S coding ® 6 O o
14. Algorithms O o
15. Autonomous exploration ® 0 O O o
16. Line follower e 00 O o
17. Autonomous vehicle ® @ O O ®
Lessons B3 12 10 2 2|1 1 1 1 3 2 1 3 12

Not covered by these lessons: C2.4 (computer networks), C2.7 (using technology safely), DT2-T1 (strengthening
structures) and DT2-T2 (mechanical systems). Only statements that at least one lesson meets are shown as
columns. Appendix A lists every statement.
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England: Key Stage 3

Computing and Design and technology, Years 7 to 9.

At Key Stage 3, the strongest match is Design and technology DT3-T4: "apply computing and use electronics to
embed intelligence in products that respond to inputs [for example, sensors] and control outputs [for example,
actuators] using programmable components [for example, microcontrollers]”. Lessons 3,10, 12,15, 16 and 17 do this
with Otto's sensors, motors and circuit board, and lessons 11 and 13 contribute to it. In Computing, the lessons build

understanding of hardware components (C3.5) and introduce comparing alternative solutions to the same problem
(C3.2).

@ Primary: the lesson teaches this directly (O Supporting: the lesson contributes to it

Computing Design and technology

o n = [aY]

o g = =8 8§ 2 g
S e s sl
O O O Ol oo o QAo o o n

Unit1
1. Meeting robots

2.Meeting Otto
3.Testing components (] ® O

O
[
O

Unit 2
4. Building Otto O O

5. Playing with Otto
6. Tinkering Otto O @ O
Unit 3

7. Playing sounds

8. Communicating with lights @)

C0ee

9. Expressing emotions

Unit 4
10. Using the ultrasonic sensor O
11. Using the servomotors

| JON

12. Using the line sensors O O

Unit 5
13. SOS coding O

14. Algorithms

O

O
15. Autonomous exploration O O O
16. Line follower O O
17. Autonomous vehicle O [ ) o

Lessons 4 3 5 111 1 1 1 2 2 2 5 8
Not covered by these lessons: C3.3 (text-based programming, see Beyond the Starter Kit), C3.4, C3.7, C3.8,C3.9, DT3-
D1,DT3-D3, DT3-D4, DT3-E1, DT3-T1 and DT3-T2. Only statements that at least one lesson meets are shown as
columns. Appendix A lists every statement.
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Lesson by lesson

What students do in each lesson, and where it fits the curriculum.

Unit 1: Robots and their components Lessons1to3

0 Meeting robots ® Connect

Students discuss what makes something a robot and learn how sensors differ from actuators, comparing sensors
with the human senses. In small groups they research a real robot, such as the Mars Curiosity Rover, and present
how it is used.

What you need Slides and optional worksheet. No robot needed.

Other subjects History: the Czech origin of the word “robot”. Spoken language: group research and
presentation.

HP Robots (ta) (1] (1c) (50 (50

objectives

e Meeting Otto ® Code

The teacher introduces Otto's components, drives it with the remote-control app and runs example programs. The
class plans a route around the room and builds the movement sequence together, one block at a time, testing as it
goes.

What you need One assembled Otto and one computer, for the teacher.

England, KS2 (c21](c22)(ca3](DT2T4)

England, KS3

Other subjects Mathematics: position, direction and turns when planning the route.

ree (@R EEE®@E®

e Testing components © Connect

Before building, students connect each component to the circuit board and test it with short programs: the buzzer,
the colour light ring, the ultrasonic sensor, the line sensors and the motors.

What you need Electronic components from the Starter Kit and a computer. No build needed.

England, KS3

Other subjects Science: Year 4 Electricity. Mathematics: Year 3 Measurement (distance thresholds in
centimetres).

HP Robots

objectives
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Unit 2: Building and designing Lessons4to6

o Building Otto ® Connect

Students assemble Otto by following step-by-step videos, as a whole class, in small groups or independently. They
finish by personalising their robot.

What you need Otto Starter Kit, plus stickers or coloured paper and markers for personalising.

England, KS2 YD) (DT2-M2) (DT2T3

England, KS3 (c3.5](DT3-M2]

Other subjects Art and design: personalising the robot.

HP Robots 1a || 4a || ba

objectives

e Playing with Otto o Code

Students run the ready-made line-following program, time laps on different maps and draw conclusions from their
data. They then design a classroom race circuit and drive Otto by remote control.

What you need Assembled Otto, computer and line-follow maps. Stopwatches optional.

England, KS2 DT2-E1

England, KS3 No direct match

Other subjects Mathematics: Year 3 and Year 4 Statistics (recording results in tables). Science: working
scientifically.

HP Robots 1a||/1c||1d||2d || 3a||3b || 5a || 6a

objectives

o Tinkering Otto Create

Students examine Otto's 3D-printed parts and learn how 3D printing works. They learn the basics of Tinkercad and
design their own accessory or attachment for Otto.

What you need Computers or tablets with Tinkercad. A 3D printer is optional.
England, KS2

England, KS3 (DT3-D2] (DT3-M1]

Other subjects Mathematics: Year 3 Geometry (3-D shapes).

HP Robots 1a|(|3b||4a||4b|| 6a || 6b |6c

objectives
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Unit 3: Sound, light and expression Lessons7to9

0 Playing sounds e Code

Students learn how the buzzer makes sound and play preset melodies. They then compose their own tunes note by
note by setting each note's frequency and duration.

What you need Assembled Otto and a computer.

England, KS3

Other subjects Music: composing melodies with pitch, duration and tempo. Science: Year 4 Sound.
HP Robot
(1e] (1d] [2a](2b] (24) (3a] [6q]
objectives
o Communicating with lights ® Code

Students program the colour light ring to recreate real-world signals: car indicators, a revolving emergency light and
a timed traffic light. Forever loops and repeat loops are taught here.

What you need Assembled Otto and a computer.

England, KS3

Other subjects PSHE: road safety signals. Science: saving energy by lighting fewer LEDs.
R (1a]1e] (14 (20] (20 20 30 (3 60
o Expressing emotions ® Code

Students discuss how robots can express emotions, then combine colour and sound to show a set of emotions. For
harder emotions, such as fear and anxiety, they design their own sounds from individual notes.

What you need Assembled Otto and a computer.

England, KS2
England, KS3

Other subjects PSHE: naming and expressing emotions. Music and art: sound and colour.
oot a
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Unit 4: Sensors and motors Lessons10to 12

Q Using the ultrasonic sensor ® Connect

Students learn how the ultrasonic sensor measures distance by echo and check its readings with a ruler. They then
program distance zones that change Otto's lights at set thresholds.

What you need Assembled Otto, or the circuit board with the sensor,a computer and a ruler.

England, KS3

Other subjects Mathematics: Year 3 Measurement (lengths in centimetres). Science: Year 4 Sound.
eRobots - (10] 1] 1) 2] 2] 30 ) (o]
° Using the servomotors @ Connect

Students explore the motion blocks and program Otto to trace geometric shapes. They complete a three-level
parking challenge and create a short dance routine.

What you need Assembled Otto, or the circuit board with the servomotors, a computer, and paper or card,
black tape and scissors for the parking zones.

England, KS3

Other subjects Mathematics: Year 3 Geometry (2-D shapes, angles as a description of a turn). PE: dance.
HP Robot
(1a] (1c][2a][2b] (3a] (5a] 6]
objectives
e Using the line sensors ® Connect

Students learn how the infrared line sensors tell light surfaces from dark ones and program Otto's lights to react.
They compare digital and analogue readings in the serial monitor.

What you need Assembled Otto, or the circuit board with the line sensors, and a computer.

England, KS3

Other subjects Science: Year 3 Light (light and dark surfaces).
et (10]) (1) (1] (20) (22 (3]
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Unit 5: Algorithms and autonomy Lessons13to 17

e SOS coding e Code

Students learn about the SOS signal and Morse code. They combine movement, light and sound to make Otto
behave like a police patrol and an ambulance, and can add sensors so it reacts to its surroundings.

What you need Assembled Otto, or the circuit board with the components, and a computer.

England, KS3

Other subjects History: Morse code and the SOS signal. Citizenship: the emergency services.
e (1a) (10) 1) (14] (20) (22 (3a] (30 (6] &)
@ Aigorithms —

Anunplugged lesson. Students draw mazes, write step-by-step algorithms to solve a classmate's maze, and test
each other's instructions for clarity and efficiency.

What you need Slides, paper, black tape and scissors. No robot or student computers needed.

England, KS2
England, KS3

Other subjects English: writing clear, precise instructions.

HP Robots

objectives

@ Autonomous exploration ® Code

Students program Otto to explore the room without collisions. They find where their first program fails and improve it
by adjusting detection distance and speed and by adding randomness.

What you need Assembled Otto and a computer.

England, KS2
England, KS3 (c31)(c3.2)(DT3E3)

Other subjects Science: how real exploration robots work.
r (@EEEEEEEE
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@ Line follower ® Code

Students write a line-following algorithm on paper, calibrate the sensors, turn the algorithm into code and debug it.
As an extension, teams compare tracks made with different materials and report their findings.

What you need
England, KS2

England, KS3

Other subjects

Assembled Otto, a computer, line-follow maps and a screwdriver.

Science: working scientifically (comparing materials). Mathematics: timing laps.

oo (1a] (1] 1c] 1] [2a][2b] [2¢|[3a] (30 [ 5b] 6a]
Q Autonomous vehicle o Code

The capstone lesson. Students research the levels of vehicle autonomy and present their findings, then program
Otto as an autonomous vehicle using the skills from earlier lessons.

What you need
England, KS2

England, KS3
Other subjects

HP Robots
objectives

Assembled Otto and a computer.

2 B D (c23) (25 (o)

Citizenship: how self-driving vehicles could change society. Spoken language: research and
presentation.

(1a) (0] (1) (1d]) (2a] (22) [3a] (3] (4a) (6a]

Learning with Otto Starter Kit: curriculum alignment and progression 1



Beyond the Starter Kit

The same robot grows with students.

Otto's core electronics stay the same as students progress, so the robot a class builds in lesson 4 can take them
further. Four expansion kits add new hardware. The Emote and Sense kits come with their own lessons, mapped in
the next section.

Emote An OLED display, an LED matrix and an MP3 player, for expressions, animation and sound. Nine
published lessons.

Sense Sensors for temperature, humidity, sound, light and tilt, for projects that gather data about the
environment. Five published lessons.

Interact Buttons, a rotary knob and an accelerometer, for robots that respond to touch and movement.

Invent Mechanisms for walking, wheeled and tracked movement, and a gripper.

Because every shell part is 3D-printable, schools with a 3D printer can take lesson 6 further, with students designing
and printing parts that fit their own robot.

Moving to text-based programming

Key Stage 3 Computing asks pupils to use at least one textual programming language (C3.3). The Starter Kit
lessons use blocks only. Students can then continue on the same robot: Otto's coding app also supports
Python (MicroPython), and Otto is compatible with C++ through the Arduino IDE.

Learning with Otto Starter Kit: curriculum alignment and progression 12



Expansion kit lessons

Fourteen lessons for the Emote and Sense kits, each about an hour long.

The Emote and Sense lessons build on skills from the Starter Kit lessons, such as coding Otto's lights, sounds,
motors and sensors. Each one needs an assembled Otto, the expansion module or modules it teaches,and a
computer with internet and Bluetooth. Students code with blocks in Otto's coding app, the same app used in the
Starter Kit, and lesson E3 also shows its breathing animation in Python. The lesson pages do not state an age range.

The expansion lessons add depth where the Starter Kit is lighter. Real sensor data, such as temperature, humidity,
light and sound, supports science and data handling. Lesson E7 teaches functions, part of Key Stage 3 statement
C3.3, and lesson S5 combines conditions with AND, part of C3.4. Drawing pixel by pixel on the LED matrix gives
teachers a starting point for how pictures are represented digitally (C3.6).

@ Primary: the lesson teaches this directly (O Supporting: the lesson contributes to it

Key Stage 2 Key Stage 3
cyoeX ook
OS50 8886|8888 ~%8
Emote kit
E1. OLED Display 101 ® O [ O
E2. Drawing shapes & move ® O o O
E3. Animations & Interactions o0 o O
E4. Real-Time Data Display ® O OGN o
E5. LED Matrix 1071 O O O
E6. Emotion Faces ® O o O
E7. Expressing Emotions ® O ® O
E8. Sensors & Interaction ® O o [
EQ. Emotion Story ® O o O
Sense kit
S1. Introduction to Temperature and Humidity Sensor () ON | ®
S2. Light Sensor and Robot Behaviour [ ] o [ )
S3. Sound-Triggered Reactions (Microphone Sensor) ® ® O o )
S4. Motion-Triggered Reactions (Tilt Sensor) [ ) o O o
S5. Combining Environmental Data and Robot Reactions ® O O o O o
Lessons 14 13 3 2 14(1 1 2 4 8

The expansion lessons list their learning objectives in their own formats, so HP Robots objective codes are not
shown for them.
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Expansion lessons by lesson

What students do in each Emote and Sense lesson.

Emote kit OLED display and LED matrix modules

e OLED Display 101 (Emote kit

Students learn what the OLED display does, attach it to Otto and display text at chosen x and y positions. They then
build simple faces from eye and mouth blocks to show different emotions.

What you need Assembled Otto, the OLED display and a computer.

England, KS3

Other subjects Mathematics: coordinates. PSHE: showing emotions.

e Drawing shapes & move (Emote kit |

Students draw lines, rectangles and circles on the OLED display by setting coordinates and dimensions. Otto then
shows a shape's name on the display, draws the shape and traces it on the floor with its motors.

What you need Assembled Otto, the OLED display and a computer.

England, KS2
England, KS3

Other subjects Mathematics: Year 3 Geometry (2-D shapes), coordinates.

e Animations & Interactions (Emote kit )

Students display predefined animations, then animate shapes using variables and repeat loops, including a
breathing animation for mindfulness. As an open exploration, they trigger animations with Otto's sensors.

What you need Assembled Otto with its top open, the OLED display, the ultrasonic sensor and a computer.

England, KS2
England, KS3

Other subjects PSHE: mindful breathing and emotional regulation.

@ Real-Time Data Display ( Emote kit )

Students read live values from the ultrasonic and line sensors and show them on the OLED display, rounding the
numbers. They then combine both sensors in one display, such as a circle whose size changes with the readings.

What you need Assembled Otto, the OLED display and a computer.

England, KS3

Other subjects Mathematics: rounding, and measuring distance in centimetres.

Learning with Otto Starter Kit: curriculum alignment and progression 14



@ LED Matrix 101 (Emotekit)

Students learn how the LED matrix works and how robots use it to communicate emotions and messages. They
attach the matrix and test its blocks in pairs.

What you need Assembled Otto, the LED matrix and a computer.

England, KS2
England, KS3

Other subjects PSHE: communicating emotions.

@ Emotion Faces (Emote kit |

Students discuss how facial expressions help robots communicate, then design mouths on the LED matrix from
preset expressions and pixel by pixel. They combine the mouth with Otto's eyes to make a complete face.

What you need Assembled Otto, the LED matrix and a computer.

England, KS3

Other subjects PSHE: facial expressions and emotions. Art and design: pixel design.

@ Expressing Emotions (Emotekit )

Students learn to organise code into functions they can reuse. They draw letters and numbers on the LED matrix
and code their own name and age, combined with sounds and movement to express emotion.

What you need Assembled Otto, the LED matrix and a computer.

England, KS3

Other subjects PSHE: expressing emotions. English: letters and names.

@ Sensors & Interaction (Emote kit |

Students explore how sensors make robot expressions responsive. They code the line sensors to trigger
expressions on the LED matrix and use loops for animation. As an extra challenge, they show the ultrasonic distance
on the matrix.

What you need Assembled Otto, the LED matrix and a computer.

England, KS3

Other subjects PSHE: matching emotional responses to situations.
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@ Emotion Story ( Emote kit )

The Emote capstone. Students code Otto to act out a four-scene story using the LED matrix, lights, sound and
movement, then extend it with scenes and emotions of their own and present it to the class.

What you need Assembled Otto, the LED matrix and a computer.

England, KS2
England, KS3

Other subjects English: storytelling and narrative. PSHE: emotions. Spoken language: presenting.

Sense kit temperature and humidity, light, microphone and tilt sensors

e Introduction to Temperature and Humidity Sensor (Sensekit )

Students display live temperature and humidity readings, compare them across robots and with the local weather,
and convert Celsius to Fahrenheit. They program Otto to react with colour or sound when readings pass set
thresholds.

What you need Assembled Otto, the temperature and humidity sensor and a computer.

England, KS3

Other subjects Science: working scientifically (measuring and comparing). Geography: weather.
Mathematics: converting units with a formula.

e Light Sensor and Robot Behaviour ('Sense kit )

Students connect the light sensor and display light levels. In pairs, they program one robot to seek light and another
to avoid it, using movement, sound and lights triggered by thresholds.

What you need Assembled Otto, the light sensor and a computer.

England, KS2 DT2T4
England, KS3 DT3-T4

Other subjects Science: Year 3 Light.

e Sound-Triggered Reactions (Microphone Sensor) (Sensekit )

Students explore the microphone's analogue and digital outputs and adjust its sensitivity. They program Otto to
move, light up and sound the buzzer when noise, such as a clap, passes a threshold.

What you need Assembled Otto, the microphone sensor, a screwdriver and a computer.

England, KS3

Other subjects Science: Year 4 Sound.
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@ Motion-Triggered Reactions (Tilt Sensor) (Sensekit |

Students use the tilt sensor, which reads only O or 1, to make Otto react to movement. They build an earthquake
alarm and a shake counter that makes Otto dizzy after five shakes.

What you need Assembled Otto, the tilt sensor and a computer.

England, KS2
England, KS3

Other subjects Geography: earthquakes.

@ Combining Environmental Data and Robot Reactions (Sensekit )

Students combine the temperature, humidity and light sensors in one program, which the lesson calls sensor fusion,
using iffelse and AND conditions. Groups design complex behaviours, then present and give feedback.

What you need Assembled Otto, the temperature and humidity sensor, the light sensor and a computer.
Builds on lessons S1and S2.

England, KS3

Other subjects Science: environmental monitoring. Spoken language: presenting and giving feedback.
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Appendix A: England statement reference

Full statutory wording, with the lessons that meet each statement.

Lesson numbers in bold are primary matches. Lesson numbers in brackets are supporting matches. Codes
beginning E and S are Emote and Sense expansion lessons. Source: the national curriculum in England, Computing
and Design and technology programmes of study (Department for Education). Contains public sector information
licensed under the Open Government Licence v3.0.

Computing, Key Stage 2
Code Pupils should be taught to: Lessons
c21 design, write and debug programs that accomplish specific goals, 3,7,8,9,10,11,12,13, 15,
including controlling or simulating physical systems; solve problems by 16,17 (2,14)
decomposing them into smaller parts Expansion: E1, E2, E3, E4,
E6,E7 E8, E9, S1,S2,S3,
$4, S5, (ED)
c2.2 use sequence, selection, and repetition in programs; work with variables 3,8,10,12,13,15,16,17 (2,
and various forms of input and output 7,9,1)
Expansion: E3, E8, S1,S2,
S3,84, S5, (E1), (E2), (E4),
(EG), (E7), (E9)
ca23 use logical reasoning to explain how some simple algorithms work andto  10,14,15,16 (2,3, 8,12, 13,
detect and correct errors in algorithms and programs 17)
Expansion: (E8), (S3), (S5)
C24 understand computer networks, including the internet; how they can Not covered
provide multiple services, such as the World Wide Web, and the
opportunities they offer for communication and collaboration
C25 use search technologies effectively, appreciate how results are selected (1,17)
and ranked, and be discerning in evaluating digital content
C2.6 select, use and combine a variety of software (including internet services) (5, 6)
on a range of digital devices to design and create a range of programs, Expansion: (E4), (S1)
systems and content that accomplish given goals, including collecting,
analysing, evaluating and presenting data and information
Cc27 use technology safely, respectfully and responsibly; recognise Not covered
acceptable/unacceptable behaviour; identify a range of ways to report
concerns about content and contact
Design and technology, Key Stage 2
Code Pupils should be taught to: Lessons
DT2-D1 use research and develop design criteria to inform the design of (6)
innovative, functional, appealing products that are fit for purpose, aimed at
particular individuals or groups
DT2-D2 generate, develop, model and communicate their ideas through 6
discussion, annotated sketches, cross-sectional and exploded diagrams,
prototypes, pattern pieces and computer-aided design
DT2-M1 select from and use a wider range of tools and equipment to perform 4

practical tasks [for example, cutting, shaping, joining and finishing],
accurately
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Code Pupils should be taught to: Lessons
DT2-M2  select from and use a wider range of materials and components, including  (4)
construction materials, textiles and ingredients, according to their
functional properties and aesthetic qualities
DT2-E1 investigate and analyse a range of existing products 1(5,17)
DT2-E2 evaluate their ideas and products against their own design criteria and (15,16)
consider the views of others to improve their work
DT2-E3 understand how key events and individuals in design and technology have (1)
helped shape the world
DT2-T1 apply their understanding of how to strengthen, stiffen and reinforce more  Not covered
complex structures
DT2-T2 understand and use mechanical systems in their products [for example, Not covered
gears, pulleys, cams, levers and linkages]
DT2T3 understand and use electrical systems in their products [for example, 34,1)
series circuits incorporating switches, bulbs, buzzers and motors]
DT2T4 apply their understanding of computing to program, monitor and control 3,7,8,9,10,11,12,13, 15,
their products 16,17 (2)
Expansion: E1, E2, E3, E4,
E6,E7 E8, E9, S1,S2,S3,
S$4,S5, (ED)
Computing, Key Stage 3
Code Pupils should be taught to: Lessons
C31 design, use and evaluate computational abstractions that model the state (8, 13,15, 17)
and behaviour of real-world problems and physical systems
C3.2 understand several key algorithms that reflect computational thinking [for (14,15, 16)
example, ones for sorting and searching]; use logical reasoning to
compare the utility of alternative algorithms for the same problem
C3.3 use 2 or more programming languages, at least one of which is textual,to ~ Expansion only: (E7)
solve a variety of computational problems; make appropriate use of data
structures [for example, lists, tables or arrays]; design and develop
modular programs that use procedures or functions
C34 understand simple Boolean logic [for example, AND, OR and NOT] and Expansion only: (S5)
some of its uses in circuits and programming; understand how numbers
can be represented in binary, and be able to carry out simple operations on
binary numbers [for example, binary addition, and conversion between
binary and decimal]
C35 understand the hardware and software components that make up 3(1,2,4,12)
computer systems, and how they communicate with one another and with
other systems
C3.6 understand how instructions are stored and executed within a computer (12)
system; understand how data of various types (including text, sounds and  Expansion: (E6), (S4)
pictures) can be represented and manipulated digitally, in the form of
binary digits
C3.7 undertake creative projects that involve selecting, using, and combining Not covered

multiple applications, preferably across a range of devices, to achieve
challenging goals, including collecting and analysing data and meeting the
needs of known users
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Code Pupils should be taught to: Lessons

C3.8 create, reuse, revise and repurpose digital artefacts for a given audience,  Not covered
with attention to trustworthiness, design and usability

C39 understand a range of ways to use technology safely, respectfully, Not covered
responsibly and securely, including protecting their online identity and
privacy; recognise inappropriate content, contact and conduct, and know
how to report concerns

Design and technology, Key Stage 3

Code Pupils should be taught to: Lessons

DT3-D1 use research and exploration, such as the study of different cultures, to Not covered
identify and understand user needs

DT3-D2 identify and solve their own design problems and understand how to (6)
reformulate problems given to them

DT3-D3 develop specifications to inform the design of innovative, functional, Not covered
appealing products that respond to needs in a variety of situations

DT3-D4 use a variety of approaches [for example, biomimicry and user-centred Not covered
design] to generate creative ideas and avoid stereotypical responses

DT3-D5  develop and communicate design ideas using annotated sketches, 6
detailed plans, 3-D and mathematical modelling, oral and digital
presentations

DT3-M1 select from and use specialist tools, techniques, processes, equipment (6)
and machinery precisely, including computer-aided manufacture

DT3-M2  select from and use a wider, more complex range of materials, (4)
components and ingredients, taking into account their properties

DT3-E1 analyse the work of past and present professionals and others to develop  Not covered
and broaden their understanding

DT3-E2 investigate new and emerging technologies 1,17

DT3-E3 test, evaluate and refine their ideas and products against a specification, (15, 16)
taking into account the views of intended users and other interested
groups

DT3-E4 understand developments in design and technology, its impact on 17(1)
individuals, society and the environment, and the responsibilities of
designers, engineers and technologists

DT3-T1 understand and use the properties of materials and the performance of Not covered
structural elements to achieve functioning solutions

DT3-T2 understand how more advanced mechanical systems used in their Not covered
products enable changes in movement and force

DT3-T3 understand how more advanced electrical and electronic systemscanbe  3,7,8(9, 10)
powered and used in their products [for example, circuits with heat, light, Expansion: (E1), (E2), (E5),
sound and movement as inputs and outputs] (E9)

DT3-T4 apply computing and use electronics to embed intelligence in products 3,10,12,15,16,17 (11,13)

that respond to inputs [for example, sensors] and control outputs [for
example, actuators] using programmable components [for example,
microcontrollers]

Expansion: E4,E8, S1,S2,
S§3,54, S5, (E3)
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Appendix B: Scotland, Wales and Northern
Ireland

Links to each nation's curriculum, by unit.

These tables link each unit to the statements it supports. Unit 1is lessons 1to 3, Unit 2 is lessons 4 to 6, Unit 3 is
lessons 7to 9, Unit 4 is lessons 10 to 12, and Unit 5 is lessons 13 to 17.
Scotland: Curriculum for Excellence, Technologies

Second level experiences and outcomes

Code Statement Units

TCH 213a l understand the operation of a process and its outcome. | can structure 3,5
related items of information.

TCH 214a | can explain core programming language concepts in appropriate technical 3,4,5
language.

TCH 215a | can create, develop and evaluate computing solutions in response to adesign 3,4,5
challenge.

TCH 2-09a | can extend and enhance my design skills to solve problems and can 2
construct models.

TCH 211a | can use a range of graphic techniques, manually and digitally, to 2

communicate ideas, concepts or products, experimenting with the use of
shape, colour and texture to enhance my work.

TCH 212a | can extend my knowledge and understanding of engineering disciplines to 2,4,5
create solution.

Third level experiences and outcomes

Code Statement Units

TCH 313a | can describe different fundamental information processes and how they 5
communicate and can identify their use in solving different problems.

TCH 314b | can describe the structure and operation of computing systems whichhave 1,4
multiple software and hardware levels that interact with each other.

TCH 3-15a | can select appropriate development tools to design, build, evaluate and refine 4,5
computing solutions based on requirements.

TCH 3-09a | can create solutions in 3D and 2D and can justify the construction/graphic 2
methods and the design features.

TCH 3-12a I can apply my knowledge and understanding of engineering disciplines and 4,5
can develop/build solutions to given tasks.

Technologies benchmarks

Outcome Statement Units

TCH 215a Creates programs in a visual programming language including variables and 4,5
conditional repetition

TCH 213a Identifies when a process is not predictable because it has arandom element 5

TCH 3-15a Writes code which receives and responds to real world inputs (in a visual 4,5
language)
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Outcome Statement Units

TCH 3-15a Can find and correct errors in program logic 4,5

TCH 3-12a Explain why something is an Input, process, output 14

Source: Education Scotland, Technologies experiences and outcomes, and Technologies Benchmarks (2017).

Wales: Curriculum for Wales

The Science and Technology Area of Learning and Experience includes the statement of what matters,
"Computation is the foundation for our digital world", which begins: "Computation involves algorithms processing
data to solve a wide range of real-world problems."” The guidance for designing a curriculum in this area highlights
"experiences bridging the physical and digital worlds, through use of sensors, actuators and devices that interact
with and manipulate their environment, monitoring and collecting data". Units 3 to 5 provide these experiences. It
also recommends "'unplugged’ activities throughout the 3 to 16 continuum to help visualise computational
concepts”, which lesson 14 provides.

Digital Competence Framework: Data and computational thinking, Problem-solving and modelling

Source Statement Units

DCF | can create and refine algorithms and flowcharts to solve problems, making 3,5
use of features such as loops, Boolean values and formulae.

DCF | can identify the different parts of an algorithm to determine their purpose. 5

DCF | can identify repeating patterns within an algorithm and use iteration to make 3

the algorithm more efficient.
DCF | can detect and correct errors in algorithms. 4,5

DCF I can develop logical solutions to determine the input, outputs and processes 4,5
of a program, e.g. following pseudocode or a flowchart to come to an outcome,
developing a written sequence of steps that could be followed.

Source: Welsh Government, Digital Competence Framework (Hwb). Within Curriculum for Wales the DCF is non-
statutory supporting guidance. Progression step numbers are not shown, because they could not be confirmed
against the published table.

Northern Ireland: CCEA

Key Stage 2: Using ICT desirable features, computational thinking and coding

Level Statement Units
Level 3, make code more efficient, for example by using loop control commands 3
programmable

devices

Level 3, test the program, checking that the commands are logical and debuggingany  3,4,5
programmable errors, at regular intervals

devices

Level 4, solve a given problem using commands in a programming environment 3,4,5
programmable

devices

Level 4, use arange of commands to create a project including triggering commands 4,5
programmable such as 'if..then' and 'loop until' to facilitate a more efficient method of

devices interaction
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Level

Level 4,
programmable
devices

Statement Units

test and debug at regular intervals and collaborate with others to solve 4,5
problems as they arise

Key Stage 3: Technology and Design, and Using ICT desirable features

Area

Statement Units

Technology and
Design: Design

Technology and
Design:
Communication

Technology and
Design:
Manufacturing

Technology and
Design: Control

Desirable Features:

Exploring
Programming, Level
4

Desirable Features:

3D CAD, Level 3

identifying problems; investigating, generating, developing, modelling and 2,5
evaluating design proposals; giving consideration to form, function and safety

use of free-hand sketching and formal drawing techniques and ICT tools 2
(including 3D modelling)

selecting and using materials fit for purpose; safe use of arange of toolsand 2
processes appropriate to materials, demonstrating accuracy and quality of
outcome

incorporate control systems, such as mechanical, electronic or computer- 3,4,5
based, in products and understand how these can be employed to achieve
desired effects.

Create a solution to a problem using a flowchart or pseudocode and then write 5
the program in the chosen programming language, demonstrating a clear
understanding of the audience and purpose.

Create a simple product or component of a product. This might include using 2
colour, awareness of scale etc.

Source: CCEA, Primary Using ICT Desirable Features (2019 update), Computational Thinking and Coding; Key Stage
3 Technology and Design guidance; Key Stage 3 Using ICT Desirable Features, Express strand.
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Appendix C: HP Robots learning objectives

The objective codes used in the Otto lesson guides.

Each lesson lists the HP Robots learning objectives it addresses. The codes below are this document's shorthand
for those objectives, and the lesson-by-lesson section shows the codes for each lesson. The codes are taken from
the objectives table in each lesson's teacher guide.

1. Understand the fundamental concepts of robotics.

1a Identify the key components of a robot and explain their functions.

1b Describe the difference between sensors and actuators and how they interact in a robot.
1c Recognize robotic systems in everyday life and be able to reason about how they help.

1d Know that robots use algorithms to perform tasks.

2. Learn the basics of coding with Arduino boards and block-based programming.

2a Write and upload programs that control the robot.
2b Modify an existing program to add new functionality to the robot.
2c Understand key concepts of programming (loops, conditionals, variables, and functions) and apply

them to write effective programs for the Otto robot.

2d Analyse and debug existing code to identify and fix errors, and explain how the code works.

3. Apply computational thinking skills to design, build, and code a functional robotic system.
3a Identify the problem to be solved and develop a plan to address it using the Otto robot components.

3b Use aniterative design process to improve the robot's performance.

4. Develop skills in engineering and mechanical design.
4a Analyse the mechanical components of the robot and explain how they work together.

4b Create and test a custom attachment or mechanism for the robot.

5. Gain experience in teamwork and collaboration.
5a Work effectively in a small group to design, build and/or code a robot.

5b Communicate ideas and results clearly and professionally to peers and teachers.

6. Integrate robotics with creative disciplines to explore new forms of expression.

6a Create a project that combines robotics with another creative discipline.

6b Explain how the project demonstrates the potential of integrating technology with the chosen
discipline.

6¢c Reflect on the process and outcomes of the project, identifying opportunities for future innovation and

collaboration.
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