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FOREWORD BY THE MINISTER
Our national curriculum is the culmination of our efforts over a period of seventeen 

years to transform the curriculum bequeathed to us by apartheid. From the start of 

democracy, we have built our curriculum on the values that inspired our Constitution 

(Act 108 of 1996). The Preamble to the Constitution states that the aims of the 

Constitution are to: 

• heal the divisions of the past and establish a society based on democratic 

• values, social justice and fundamental human rights; 

• improve the quality of life of all citizens and free the potential of each person; 

• lay the foundations for a democratic and open society in which government is 

based on the will of the people and every citizen is equally protected by law; and 

• build a united and democratic South Africa able to take its rightful place as a sovereign state in the family 

of nations. 

Education and the curriculum have an important role to play in realising these aims. In 1997 we introduced 

outcomes-based education to overcome the curricular divisions of the past, but the experience of 

implementation prompted a review in 2000. This led to the first curriculum revision: the Revised National 

Curriculum Statement Grades R-9 and the National Curriculum Statement Grades 10-12 (2002). 

Ongoing implementation challenges resulted in another review in 2009 and we revised the Revised National 

Curriculum Statement (2002) and the National Curriculum Statement Grades 10-12 to produce this document.  

From 2012 the two National Curriculum Statements, for Grades R-9 and Grades 10-12 respectively, are 

combined in a single document and will simply be known as the National Curriculum Statement Grades R-12. 

The National Curriculum Statement for Grades R-12 builds on the previous curriculum but also updates it and 

aims to provide clearer specification of what is to be taught and learnt on a term-by-term basis. 

The National Curriculum Statement Grades R-12 represents a policy statement for learning and teaching in 

South African schools and comprises of the following: 

(a) Curriculum and Assessment Policy Statements (CAPS) for all approved subjects listed in this document; 

(b) National policy pertaining to the programme and promotion requirements of the National Curriculum 

Statement Grades R-12; and 

(c) National Protocol for Assessment Grades R-12. 

 

MRS ANGIE MOTSHEKGA, MP 

MINISTER OF BASIC EDUCATION 
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1 SECTION 1 
INTRODUCTION TO THE CURRICULUM AND ASSESSMENT 
POLICY STATEMENT FOR CODING AND ROBOTICS 
INTERMEDIATE PHASE (GRADE 4 – 6) 

1.1 BACKGROUND 
The National Curriculum Statement Grades R – 12 (NCS) stipulates policy on curriculum and assessment in the 
schooling sector. 

To improve implementation, the National Curriculum Statement was amended, with the amendments coming 
into effect in January 2012. A single comprehensive Curriculum and Assessment Policy document was 
developed for each subject to replace Subject Statements, Learning Programme Guidelines and Subject 
Assessment Guidelines in Grades R - 12.  

1.2 OVERVIEW 
(a) The National Curriculum Statement Grades R – 12 (January 2012) represents a policy statement for 

learning and teaching in South African schools and comprises the following: 
(i) National Curriculum and Assessment Policy Statements for each approved school subject; 
(ii) The policy document, National policy pertaining to the programme and promotion requirements 

of the National Curriculum Statement Grades R – 12; and 
(iii) The policy document, National Protocol for Assessment Grades R – 12 (January 2012). 

(b) The National Curriculum Statement Grades R – 12 (January 2012) replaces the two current national 
curricula statements, namely the  
(i) Revised National Curriculum Statement Grades R - 9, Government Gazette No. 23406 of 31 

May 2002, and 
(ii) National Curriculum Statement Grades 10 - 12 Government Gazettes, No. 25545 of 6 October 

2003 and No. 27594 of 17 May 2005. 

(c) The national curriculum statements contemplated in subparagraphs (a) and (b) comprise the following 
policy documents which will be incrementally repealed by the National Curriculum Statement Grades R 
– 12 (January 2012) during the period 2012-2014: 
(i) The Learning Area/Subject Statements, Learning Programme Guidelines and Subject 

Assessment Guidelines for Grades R - 9 and Grades 10 – 12; 
(ii) The policy document, National Policy on assessment and qualifications for schools in the 

General Education and Training Band d, promulgated in Government Notice No. 124 in 
Government Gazette No. 29626 of 12 February 2007; 

(iii) The policy document, the National Senior Certificate: A qualification at Level 4 on the National 
Qualifications Framework (NQF), promulgated in Government Gazette No.27819 of 20 July 
2005; 

(iv) The policy document, An addendum to the policy document, the National Senior Certificate: A 
qualification at Level 4 on the National Qualifications Framework (NQF), regarding learners with 
special needs, published in Government Gazette, No.29466 of 11 December 2006, is 
incorporated in the policy document, National policy pertaining to the programme and promotion 
requirements of the National Curriculum Statement Grades R – 12; and 

(v) The policy document, An addendum to the policy document, the National Senior Certificate: A 
qualification at Level 4 on the National Qualifications Framework (NQF), regarding the National 
Protocol for Assessment (Grades R – 12), promulgated in Government Notice No.1267 in 
Government Gazette No. 29467 of 11 December 2006. 

(c) The policy document, National policy pertaining to the programme and promotion requirements of the 
National Curriculum Statement Grades R – 12, and the sections on the Curriculum and Assessment Policy 
as contemplated in Chapters 2, 3 and 4 of this document, constitute the norms and standards of the 
National Curriculum Statement Grades R – 12. It will therefore, in terms of section 6A of the South African 
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Schools Act, 1996 (Act No. 84 of 1996,) form the basis for the Minister of Basic Education to determine 
minimum outcomes and standards, as well as the processes and procedures for the assessment of learner 
achievement to be applicable to public and independent schools. 

1.3 GENERAL AIMS OF THE SOUTH AFRICAN CURRICULUM 
• The National Curriculum Statement Grades R - 12 gives expression to the knowledge, skills and values 

worth learning in South African schools. This curriculum aims to ensure that children acquire and apply 
knowledge and skills in ways that are meaningful to their own lives. In this regard, the curriculum promotes 
knowledge in local contexts, while being sensitive to global imperatives. 

• The National Curriculum Statement Grades R - 12 serves the purposes of: 
▪ equipping learners, irrespective of their socio-economic background, race, gender, physical ability or 

intellectual ability, with the knowledge, skills and values necessary for self-fulfilment, and meaningful 
participation in society as citizens of a free country; 

▪ providing access to higher education; 
▪ facilitating the transition of learners from education institutions to the workplace; and 
▪ providing employers with a sufficient profile of a learner’s competences. 

• The National Curriculum Statement Grades R - 12 is based on the following principles: 
▪ Social transformation: ensuring that the educational imbalances of the past are redressed, and that 

equal educational opportunities are provided for all sections of the population; 
▪ Active and critical learning: encouraging an active and critical approach to learning, rather than rote and 

uncritical learning of given truths; 
▪ High knowledge and high skills: the minimum standards of knowledge and skills to be achieved at each 

grade are specified and set high, achievable standards in all subjects; 
▪ Progression: content and context of each grade shows progression from simple to complex; 
▪ Human rights, inclusivity, environmental and social justice: infusing the principles and practices of social 

and environmental justice and human rights as defined in the Constitution of the Republic of South 
Africa. The National Curriculum Statement Grades R – 12 is sensitive to issues of diversity such as 
poverty, inequality, race, gender, language, age, disability and other factors; 

▪ Valuing indigenous knowledge systems: acknowledging the rich history and heritage of this country as 
important contributors to nurturing the values contained in the Constitution; and 

▪ Credibility, quality and efficiency: providing an education that is comparable in quality, breadth and 
depth to those of other countries. 

• The National Curriculum Statement Grades R - 12 aims to produce learners that can: 
▪ identify and solve problems and make decisions using critical and creative thinking; 
▪ work effectively as individuals and with others as members of a team; 
▪ organise and manage themselves and their activities responsibly and effectively; 
▪ collect, analyse, organise and critically evaluate information; 
▪ communicate effectively using visual, symbolic and/or language skills in various modes; 
▪ use science and technology effectively and critically showing responsibility towards the environment 

and the health of others; and 
▪ demonstrate an understanding of the world as a set of related systems by recognising that problem 

solving contexts do not exist in isolation. 

• Inclusivity should become a central part of the organisation, planning and teaching at each school. This can 
only happen if all teachers have a sound understanding of how to recognise and address barriers to 
learning, and how to plan for diversity. 

The key to managing inclusivity is ensuring that barriers are identified and addressed by all the relevant support 
structures within the school community, including teachers, District-Based Support Teams, Institutional-Level 
Support Teams, parents and Special Schools as Resource Centres. To address barriers in the classroom, 
teachers should use various curriculum differentiation strategies such as those included in the Department of 
Basic Education’s Guidelines for Inclusive Teaching and Learning (2010). 
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1.4 TIME ALLOCATION 

1.4.1 Foundation Phase 

(a) The instructional time in the Foundation Phase is as follows: 
Subject Grade R 

(Hours) 
Grades 1-2 

(Hours) 
Grade 3 
(Hours) 

Home Language 10  7/8 7/8 
First Additional Language  2/3  3/4   
Mathematics 7  7 7 
Life Skills 

• Beginning Knowledge 
• Creative Arts 
• Physical Education 
• Personal and Social Well-being 

5 
(1) 

(1,5) 
(1,5) 
(1) 

5 
(1) 

(1,5) 
(1,5) 
(1) 

5 
(1,5) 
(1,5) 
(1) 
(1) 

Coding and Robotics (1) (1) (2) 
Total 23 23 25 

 
(b) Instructional time for Grades R, 1 and 2 is 23 hours and for Grade 3 is 25 hours.  
(c) Ten hours are allocated for languages in Grades R-2 and 11 hours in Grade 3. A maximum of 8 hours and 

a minimum of 7 hours are allocated for Home Language and a minimum of 2 hours and a maximum of 3 
hours for Additional Language in Grades R – 2. In Grade 3 a maximum of 8 hours and a minimum of 7 
hours are allocated for Home Language and a minimum of 3 hours and a maximum of 4 hours for First 
Additional Language.  

(d) In Life Skills Beginning Knowledge is allocated 1 hour in Grades R – 2 and 2 hours as indicated by the 
hours in brackets for Grade 3. 

1.4.2 Intermediate Phase 

The instructional time in the Intermediate Phase is as follows: 
Subject Hours 

Home Language 6 
First Additional Language 5 
Mathematics 6 
Natural Sciences 2,5 
Social Sciences 3 
Life Skills 

• Creative Arts 
• Physical Education 
• Personal and Social Well-being 

3 
(1) 
(1) 
(1) 

Coding and Robotics 2 
Total 27,5 

 

1.4.3 Senior Phase 

(a) The instructional time in the Senior Phase is as follows: 
Subject Choice: Option 1 Subject Choice: Option 2 Hours 

Home Language Home Language 5 
First Additional Language First Additional Language 4 
Mathematics Mathematics 4,5 
Natural Science Natural Science 3 
Social Sciences Social Sciences 3 
*Technology  *Economic Management Sciences  2 
Coding and Robotics Coding and Robotics 2 
Life Orientation Life Orientation 2 
Creative Arts Creative Arts 2 
Total 27,5 

* Schools/Learners can follow Option 1 (MST Stream) or Option 2 (Business Stream) 
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1.4.4 Grades 10-12 

(a) The instructional time in Grades 10-12 is as follows: 
Subject Time allocation per week (hours) 

I. Home Language 
II. First Additional Language 

III. Mathematics 
IV. Life Orientation 
V. A minimum of any three subjects selected from Group 

B Annexure B, Tables B1-B8 of the policy document, 
National policy pertaining to the programme and 
promotion requirements of the National Curriculum 
Statement Grades R – 12, subject to the provisos 
stipulated in paragraph 28 of the said policy 
document. 

4.5 
4.5 
4.5 
2 

12 (3x4h) 

 
The allocated time per week may be utilised only for the minimum required NCS subjects as specified above 
and may not be used for any additional subjects added to the list of minimum subjects. Should a learner wish to 
offer additional subjects, additional time must be allocated for the offering of these subjects.
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2 SECTION 2: 
DEFINITION, AIMS, SKILLS AND CONTENT  

2.1 INTRODUCTION 
Coding and Robotics represents an interdisciplinary and multidisciplinary subject that integrates various 
components of STEAM (Science (including Computer Science), Technology, Engineering, Arts, and 
Mathematics).  

 

The main driving force behind the uptake and surge of Coding and Robotics as a subject at school level is the 
link to the 4th and 5th industrial revolution (4IR, and 5IR). In the context of this curriculum the focus resides in the 
grounding concepts of STEAM related subjects. 

 

  

Coding & Robotics
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2.2 WHAT IS CODING AND ROBOTICS 
Coding and Robotics combine the principles of programming with the design, construction, and operation of 
robots. Programming concepts, practices, and perspectives are applied to control devices to perform specific 
tasks. It includes digital concepts that refer to various ideas, principles and processes that are associated with 
digital technologies and their use.  

The Coding and Robotics curriculum is based on the following pillars as depicted in the figure below. 

Coding is the process of creating a logical set of instructions that a human or a computing device can 
understand and execute, which require a deep understanding of computational thinking and problem solving.   

Robotics deals with the design, operation, and use of devices and robots that can be programmed to perform 
tasks autonomously or semi-autonomously or by direct control. It presents the learners with the opportunity to 
see their thinking, design, and code in action.  

Digital concepts encompass a range of digital literacy skills and awareness that enables learners to leverage 
digital technologies to their fullest potential and use digital tools responsibly. 

2.3 SPECIFIC AIMS  
The teaching and learning of Coding and Robotics (C&R) aim to develop the following for the learner to be able 
to: 

• develop computational thinking skills to solve problems. 
• advance design thinking to develop creative and human-centred approaches to solve problems. 
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• advance design thinking to develop creative and human-centred approaches to solve problems. 

• become part of a generation of creative, innovative systems thinkers that can use coding, robotics, and 
digital competencies to express their ideas.  

• foster creativity, critical thinking, collaboration, communication, and innovation. 
• function ethically and effectively in a digital and information-driven world. 
• develop a critical awareness of how technologies impact society at large.  
• instil self-efficacy and confidence to deal with situations requiring computational thinking, design 

thinking and problem solving. 
• prepare for future careers in STEAM related fields.  
• adopt a culture of being self-directed, life-long learners who can apply their skills in a wide range of 

contexts and situations (adaptable, flexible and resilient). 

2.4 SPECIFIC SKILLS 
The following skills are specifically emphasised: 

2.4.1 Computational Thinking 

Computational thinking is an attitude and a skill set where one uses specific techniques and strategies to 
complete tasks successfully and to solve problems systematically. It further helps one in arriving at a solution 
that both humans and a computer can understand.  

 

In Coding and Robotics, computational thinking helps learners to develop problem-solving strategies which they 
can apply when developing coding solutions (algorithms) as well as robotics solutions. It can also be applied to 
solve everyday life.  

In terms of robotics, learners are demonstrating computational thinking concepts and practices when designing, 
constructing, and programming a robot. The robot’s performance demonstrates the result of the learner’s 
computational thinking practices as they iteratively test and debug their coding.  
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2.4.2 Design Thinking 

In education, design thinking (DT) refers to a human-centred approach that encourages creativity and 
innovation when generating user-focused products, services, or experiences. Design Thinking is often 

expressed as an activity that involves the three I processes, namely: 

▪ Inspiration: where creative thinking is applied to tackle a problem or challenge at hand, by gaining a 
deeper understanding of the problem and its context as well as to identify opportunities for innovation.  

▪ Ideation: involves the generation of a wide range of ideas and potential solutions using various 
approaches such as brainstorming, prototyping and experimentation.  

▪ Implementation: where the ideas and potential solutions are put into action. It includes testing, getting 
feedback and subsequent improvements of the design or solution.  

Related to the three Is, is the notion that Design Thinking is also a problem-solving approach that combines 

creativity with structure and human-centred methods to understand and tackle challenges which involves 
empathizing with users, defining their needs, ideating possible solutions, prototyping, and testing those 
solutions, and iterating based on feedback. The following describes the design process: 

▪ Empathise: involves gaining an understanding of who the end user is in a specific context, and how the 
envisaged solution will be appropriate towards addressing the problem. 

▪ Define: relates to specifying in detail what the users’ needs are, which could include the goals, skills 
available, and core principles that will guide the work to be done. 

▪ Ideate: pertains to the creation of ideas and solutions using techniques such as brainstorming.  
▪ Prototype: concerns the creation of one or several solutions to address the problem at hand. 
▪ Test: relates to the process of determining how well the solution solves or address the problem. In this 

phase, feedback is important as the feedback could be used towards the improvement and 
enhancement and/or redesign of the complete solution or artefact.  

Figure 2.6 depicts the relationship between the Design Thinking and Design Problem Solving approach.  
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2.5 HIGH-LEVEL COMPETENCIES – CODING AND ROBOTICS 
The three main topical areas of Coding and Robotics each comprises a set of key learning competencies central 
to their area of focus.  

The following diagram outlines the three main topical areas and the main learning competencies, associated at 
the final stage of curriculum cognition wherein the learner demonstrates competence and proficiency at the 
appropriate level. 

A competence is a combination of knowledge skills, attitudes, and values which is reflected in behaviour that 
can be observed, measured, and evaluated. It refers to the ability to perform a specific task successfully and 
efficiently or in a manner that yields desirable outcomes. 

2.6 CODING AND ROBOTICS CONCEPTS, PRACTICES AND PERSPECTIVES 

2.6.1 Coding 

In coding, the following concepts, practices, and perspectives must be developed and practised repeatedly:  

–

–

–
–
–
–
–

–
–
–
–
–
–
–

–
–
–
–
–
–
–
–
–
–

Concepts
• Algorithm
• Sequence
• Loop (Iteration)
• Conditional (Decisions)
• Operator
• Logic
• Data 
• Event
• Debug
• Representation
• Parallelism
• Automation

Practices
• Abstraction
• Decomposition
• Pattern Recognision
• Generalisation
• Algorithm Design
• Incremental Development
• Testing and Debugging
• Evaluation
• Modularise
• Logical thinking
• Creating computational artefacts

Perspectives
• Expressing and Creating
• Questioning
• Connecting
• Collaboration
• Perserverance
• Choice of Conduct
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The following table describes the coding content to be covered and the skills to be developed. Table 2-1 must 
be read in conjunction with Table 2-4 in Section 2.12.1 and Table 2-7 in Section 2.16.1 for competencies and 
progression per grade. 

Concept Content/Skills 
Algorithm • Definition and importance of algorithms in computer programming. 

• Characteristics of a good algorithm. 
• Examples of algorithms in everyday tasks and programming. 
• Algorithm development using computational thinking. 

Sequence • Understanding the concept of sequential execution of instructions. 
• Introduction to basic programming constructs like statements and expressions. 
• Writing simple programs to perform sequential tasks. 

Loop (iteration) • Explanation of loops and their purpose in programming. 
• Different types of loops (e.g., while loop, for loop) and their syntax. 
• Examples demonstrating the use of loops for repetitive tasks. 
• Writing simple programs to perform tasks that include repetition 

Conditional 
(Decision) 

• Understanding conditional statements (if…then, if…then…else)) and their role in decision-making. 
• Using comparison operators in conditional statements. 
• Writing programs with conditional logic to handle different scenarios. 

Operator • Assignment, comparison, and logical operators. 
• Precedence and associativity rules for operators. 
• Use of operators in expressions and assignments in programs 

Logic • Introduction to Boolean logic and truth tables. 
• Understanding logical operators (AND, OR, NOT) and their application in programming. 
• Writing programs that implement logical operations and evaluate conditions. 

Data • Types of data (e.g. numbers, string, Boolean) and their use in programming. 
• Variables and data types. 
• Input/output and processing operations for data manipulation. 

Event • Concept of events and event-driven programming. 
• Handling user interactions and system events in programs. 
• Implementing event handlers in programs. 

Debug • Techniques for identifying and fixing errors in code (debugging). 
• Using debugging tools and techniques (e.g., trace tables). 
• Debug common programming errors (syntax errors, logic errors). 

Representation • Understanding data representations (binary). 
• Exploring the concept of abstraction in programming. 

Automation • Exploring automation concepts and their significance. 
• Writing scripts to automate repetitive tasks. 

Parallelism • Concept of parallelism using e.g. two scripts, running concurrently, allowing different actions to 
happen simultaneously (e.g. broadcast & receiving, clones, parallel blocks, e.g. "forever" block 
can run continuously while other code executes concurrently. 

2.6.2 Robotics 

In addition to the coding concepts, practices and perspectives, in robotics, the following concepts, practices, and 
perspectives must be developed and practised repeatedly:  

 

Concepts
• Motion
• Sensor
• Actuator
• Controller
• Logic
• Power Source
• Automation
• Instruction
• Communication
• Coding (Programming)

Practices
• Computational Thinking
• Design Thinking
• Prototyping
• Design and Construction
• Algorithm Design
• Testing and Reconfiguration
• Reflection and Iteration
• Creative Thinking
• Logical thinking
• Creating robotics artefacts

Perspectives
• Expressing and Creating
• Innovation
• Questioning
• Connecting
• Collaboration
• Perserverance
• Choice of Conduct
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The following table describes the coding content to be covered and the skills to be developed. Table 2-1 must 
be read in conjunction with Table 2-4 in Section 2.12.1 and Table 2-7 in Section 2.16.1 for competencies and 
progression per grade. 

Concept Content/Skills 
Algorithm • Definition and importance of algorithms in computer programming. 

• Characteristics of a good algorithm. 
• Examples of algorithms in everyday tasks and programming. 
• Algorithm development using computational thinking. 

Sequence • Understanding the concept of sequential execution of instructions. 
• Introduction to basic programming constructs like statements and expressions. 
• Writing simple programs to perform sequential tasks. 

Loop (iteration) • Explanation of loops and their purpose in programming. 
• Different types of loops (e.g., while loop, for loop) and their syntax. 
• Examples demonstrating the use of loops for repetitive tasks. 
• Writing simple programs to perform tasks that include repetition 

Conditional 
(Decision) 

• Understanding conditional statements (if…then, if…then…else)) and their role in decision-making. 
• Using comparison operators in conditional statements. 
• Writing programs with conditional logic to handle different scenarios. 

Operator • Assignment, comparison, and logical operators. 
• Precedence and associativity rules for operators. 
• Use of operators in expressions and assignments in programs 

Logic • Introduction to Boolean logic and truth tables. 
• Understanding logical operators (AND, OR, NOT) and their application in programming. 
• Writing programs that implement logical operations and evaluate conditions. 

Data • Types of data (e.g. numbers, string, Boolean) and their use in programming. 
• Variables and data types. 
• Input/output and processing operations for data manipulation. 

Event • Concept of events and event-driven programming. 
• Handling user interactions and system events in programs. 
• Implementing event handlers in programs. 

Debug • Techniques for identifying and fixing errors in code (debugging). 
• Using debugging tools and techniques (e.g., trace tables). 
• Debug common programming errors (syntax errors, logic errors). 

Representation • Understanding data representations (binary). 
• Exploring the concept of abstraction in programming. 

Automation • Exploring automation concepts and their significance. 
• Writing scripts to automate repetitive tasks. 

Parallelism • Concept of parallelism using e.g. two scripts, running concurrently, allowing different actions to 
happen simultaneously (e.g. broadcast & receiving, clones, parallel blocks, e.g. "forever" block 
can run continuously while other code executes concurrently. 

2.6.2 Robotics 

In addition to the coding concepts, practices and perspectives, in robotics, the following concepts, practices, and 
perspectives must be developed and practised repeatedly:  

 

Concepts
• Motion
• Sensor
• Actuator
• Controller
• Logic
• Power Source
• Automation
• Instruction
• Communication
• Coding (Programming)

Practices
• Computational Thinking
• Design Thinking
• Prototyping
• Design and Construction
• Algorithm Design
• Testing and Reconfiguration
• Reflection and Iteration
• Creative Thinking
• Logical thinking
• Creating robotics artefacts

Perspectives
• Expressing and Creating
• Innovation
• Questioning
• Connecting
• Collaboration
• Perserverance
• Choice of Conduct

The following table describes the robotics content to be covered and the skills to be developed. Table 2-2 must 
be read in conjunction with Table 2-5 in Section 2.12.2 and Table 2-8 in Section 2.16.2 for competencies and 
progression per grade 

Concept Content/Skills 
Motion • Introduction to different types of robot motion: linear, rotational, and combined. 

• Exploring methods of locomotion such as wheels, tracks, legs, and aerial mechanisms. 
Sensor • Overview of sensors used in robotics, including proximity sensors, cameras, ultrasonic, 

microphone, temperature sensors. 
• Explanation of sensor principles and how they gather data from the environment. 
• Applications of sensors in navigation, obstacle avoidance, object detection, and environmental 

monitoring. 
Actuator • Introduction to actuators responsible for converting electrical energy into mechanical motion. 

• Types of actuators: electric motors (DC motors, servo motors). 
• Understanding the role of actuators in robot manipulation, locomotion, and control. 

Controller • Components as part of a robot responsible for controlling the robot, gathering input, and providing 
output. (Examples: Arduino, Raspberry Pi, Micro: bit) 

Logic • Introduction to logical operations and decision-making in robotics. 
• Understanding Boolean logic and its application in robot control. 
• Implementing logical operations for conditional behaviour, state transitions, and autonomous 

decision-making. 
Power Source • Overview of power sources for robotics, including batteries, and external power supplies (e.g. 

solar). 
• Understanding power requirements and considerations for selecting appropriate power sources. 
• Designing power distribution systems and managing power consumption for optimal robot 

performance. 
Automation • Explanation of automation in robotics as the process of performing tasks with minimal human 

intervention. 
• Applications of automation in manufacturing, logistics, agriculture, healthcare, and service 

industries. 
• Designing automated systems using robots for repetitive, dangerous, or labour-intensive tasks. 

Instruction • Understanding instructions as commands given to robots to perform specific actions. 
• Types of instructions: sequential instructions, conditional instructions, repetitive instructions 

(loops). 
• Writing clear and precise instructions for programming robots to accomplish desired tasks. 

Communication • Basic overview of communication technologies used between two or more devices, e.g. Wi-Fi, 
Bluetooth.  

Coding • Introduction to a robotics programming environment. 
• Basics of robot programming: variables, data types, control structures (sequence, if statements, 

loops), functions, and libraries. 
• Hands-on coding exercises and projects to develop skills in algorithm development and in robot 

programming. 

2.6.3 Digital Concepts 

Digital concepts are fundamental ideas and principles that underpin and support coding and robotics. They 
encompass various aspects of technology and computer science, providing the context and application for these 
fields. In Coding and Robotics, digital concepts are divided into the following topics: Digital Citizenship, Digital 
Awareness and Digital Skills. The following must be read in conjunction with Table 2-6 in Section 2.12.3. 

2.6.3.1 Digital Citizenship 

The rights, responsibilities, and behaviours (respect, integrity, and safety) displayed by individuals in the digital 
world. It encompasses a spectrum of behaviours, spanning from respecting the privacy of others to protecting 
personal data, being mindful of online threats, and ensuring one's safety in the digital sphere.  
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Digital Citizenship helps to develop an awareness of responsible and ethical behaviour in the digital world as it 
provides principles for shaping the digital landscape and influencing individual and collective behaviour online. 
In Coding and Robotics, understanding digital citizenship is important when developing software and robotics 
applications to ensure they are used in a responsible and ethical manner. 

2.6.3.2 Digital Awareness 

The recognition of the competencies, expertise, and the mindset needed by individuals effectively to use digital 
tools, entail understanding and the applications of technologies in a world that is becoming more 
interconnected. This emphasises the essential sense of familiarity, adaptability, and proficiency needed for 
utilising fundamental technology. 

2.6.3.3 Digital Skills 
An essential set of a range of abilities that enable individuals to effectively use digital devices, software, and 
platforms to perform various tasks. 

Responsible behaviour

•Implications of digital citizenship
•Responsible and ethical behaviour 
in the digital realm.

•Cybersecurity awareness such as 
protecting personal information 
online, recognising cyber threads 
and practiaing safe online 
behaviour.

•Privacy & security (strong 
passwords, not sharing personal 
information), cyberbullying, digital 
footprint and netiquette.

•Digital health and welfare.

Information Assessment

•Credibility and reliability of online 
sources and information.

•Fake news
•Intellectual property and its 
implications.

Impact and Responsibility

•Awareness of how technology 
adaptation influence our work and 
lifestyle

•Consequences and implications of 
online actions.

•Lasting impact of online content 
(digital footprint)

•Ethical use of computers, 
including software and robotics 
applications.

•Dangers of the online world, 
computer/cyber crime

Data and Information

•Data collection, storage (including 
cloud storage) and processing

•Transformation of data into 
information.

•Utilisation of data and information 
for decision-making and 
innovation.

•POPIA

Computing devices

•Technology vs Information 
Technology (IT)

•Basic model of a computing 
device (input, processing, output 
and storage).

•Different types of computing 
devices in Coding and Robotics.

•Hardware components for input, 
processing and output.

•Computing devices and their 
purpose (including basic network 
devices).

•Hardware vs Software
•Interaction between harware and 
software.

Networks and 
Communication

•Networks, basic components, role 
of network devices, media (wired 
and wireless), data transmission.

•Internet and the role of the 
Internet of things (IoT).

•Information and Communication 
Technology (ICT) - components 
and real-world uses.

•Internet vs World Wide Web 
(WWW).

•Websites, webpages, URL, 
hyperlink, browser, search engine

Application Skills

•Use and manage applications 
used in Coding and Robotics 
(software environment).

•File and Folder management
•Input, processing and output in 
computing and robotics

•Use an application such as Paint 
to create backgrounds and sprites

•Use presentation software to 
communicate information

Patterns and Communication 

•Patterns in coding and robotics for 
communication, including data 
analysis, visualisation and 
conveying messages or 
information.

•Boolean logic (including truth 
tables and logic gates).

Digital Literacy

•Find, evaluate and use informaiion 
effectively and ethically
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2.7 APPROACH TO TEACHING CODING AND ROBOTICS 
Coding and Robotics, as a subject, is process-driven as it focuses on Coding and Robotics processes, rather 
than just exit skills or products. Coding develops cognitive and critical thinking skills as it emphasises the 
development of knowledge, skills, strategies, and attitudes that enable learners to become more effective 
individuals. Coding and Robotics also supports learners to develop metacognitive skills, which include planning, 
developing, testing, evaluation and reflecting. 

2.7.1 Problem-based Learning 

Teaching and learning will follow a problem-based learning approach. Problem-based learning (PBL) is an 
active and learner-centred approach to learning involving certain cognitive processes that aims to develop 
critical thinking, problem-solving, and collaboration skills. The goal of PBL is to help learners learn how to apply 
knowledge and skills using problems, rather than just memorising information for tests. PBL also encourages 
learners to ask questions and seek answers, rather than passively receiving information. It also supports the 
development of self-directed learning. 

In Senior Phase, learners will be given small, manageable problems which they need to solve using a problem-
solving process. To develop and enhance self-efficacy (the learner’s belief that he/she will be able to complete 
the task or solve the problem), the challenge of the task or problem should match the learners’ competencies. 

Example of a manageable problem and algorithm development using computational thinking and the problem-
solving process in Senior Phase: 

Problem: 
Draw a geometric figure for the number of sides provided by the user. 
 
Step 1: Understand the problem.  
When the user enters a number (3 – 360), the program must draw a geometric figure with the number of sides entered, e.g. if the user enters 4, the 
program must draw a square, if the user enters 6, the program must draw a hexagon, etc. 
Step 2: Analyse the problem  

Shape Square Pentagon Hexagon Heptagon Octagon  

 

 

    
Number of sides 4 5 6 7 8 
Number of angles 4 5 6 7 8 

Each figure has the same number of angles than the number of sides 
Step 3: Break down the problem into smaller, more manageable problems / use experience from similar problems. 
Decompose (break down) the problem, into more familiar ones, using abstraction. 
From previously drawing a square, we know From previously drawing a triangle 
Repeat 4 times    Repeat 3 times 

Turn right (90 degrees)   Turn right 60 degrees 
Move 100 steps    Move 100 steps 

 
Iterations for drawing each shape are the same as the number of sides (or angles) 
Step 4: Look for patterns (Pattern recognition) 

Shape Square Pentagon Hexagon Heptagon Octagon  

 

 

    
Number of sides 4 5 6 7 8 
Number of angles 4 5 6 7 8 
Size of interior angle 90° 72° 60° 51,4° 45° 
Sum of interior angles 360° 360° 360° 360° 360° 

Abstraction and decomposition 
Break down the problem into smaller, 
more manageable parts and simplify 
ideas by focusing on essential details. 
to understand the underlying structure. 

Pattern recognition involves 
finding the similarities or 
patterns among small, 
decomposed problems that 
can help us solve more 
complex problems more 
easily and efficiently. 
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• As the number of sides increases  
• the size of the interior angles decreases 
• the form of the shape gets closer to a circle 

• The sum of the interior angles of a shape equals 360° and  
• A circle is also 360°  
• The size of each the interior angle is 360 divided by the number of sides/angles 
Step 5: Develop a high-level solution or algorithm (abstraction) 
Draw a geometric shape: 

Step 1: Get the number of sides. 
Step 2: Determine the size of the interior angle. 
Step 3: Determine the length of the sides (number of moves/steps) 
Step 4: Draw the shape 

Step 6: Detailed Algorithm (Decomposition) 
1. Step 1: Get the number of sides.  

1.1. Ask the user to enter the number of sides of the figure to be drawn  
2. Step 2: Determine the size of the interior angle 

2.1. Divide 360 by the number of sides/angles. 
3. Step 3: Determine the length of the sides 

3.1. Divide 360 by the number of sides/angle).  
4. Step 4: Draw the shape 

4.1 Pen instructions for drawing 
4.2 Repeat number_of_sides 

 Turn 360/number_of_sides 
 Move 360/number_of_sides 
Step 7: Write the code 

 
Step 8: Execute, Test and Debug the Algorithm.  

• Did the program work correctly for different number of sides? 
• If the answer is yes, the problem is solved, else you need to identify the error and fix the algorithm (debug).  

 
Generally, problem-based learning 

• enables learners to develop problem solving strategies as well as subject knowledge and skills. 
• enables learners to be more engaged in learning. 
• stimulates critical thinking. 
• promotes self-directed learning as learners generate problem-solving strategies. 
• promotes metacognition as learners compare and reflect on solutions. 
• assesses learning in ways which demonstrate understanding and competency. 

See Section 4.2 for problem-based learning assessment guidance. 

PBL could incorporate strategies such as cooperative learning where learners work in small groups to solve a 
coding or robotics problem or use pair programming where learners work in pairs to solve coding or robotics 
problems.  

Abstraction also helps us to realise that we can 
ignore 3 of the rectangles / only focusing on 3 
rectangles – one of each size to solve the 
problem. 

Each step in the high-level 
algorithm was broken down into 
more specific, detailed steps, giving 
more detailed instructions. 

We can now break the problem into four 
rather easy sub-problems or main steps/ 
ideas (decomposition, using abstraction).  
This seems like a good technique. 

Input from user 

Code for drawing the geometric figure 
(processing) 

Convert the algorithm to 
code, execute and test, 
debug if required 

Output from 
computer 

Octagon within a circle 

Effective problem decomposition is 
a key skill in programming. 
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• As the number of sides increases  
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2. Step 2: Determine the size of the interior angle 
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4. Step 4: Draw the shape 
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Step 7: Write the code 

 
Step 8: Execute, Test and Debug the Algorithm.  

• Did the program work correctly for different number of sides? 
• If the answer is yes, the problem is solved, else you need to identify the error and fix the algorithm (debug).  

 
Generally, problem-based learning 

• enables learners to develop problem solving strategies as well as subject knowledge and skills. 
• enables learners to be more engaged in learning. 
• stimulates critical thinking. 
• promotes self-directed learning as learners generate problem-solving strategies. 
• promotes metacognition as learners compare and reflect on solutions. 
• assesses learning in ways which demonstrate understanding and competency. 

See Section 4.2 for problem-based learning assessment guidance. 

PBL could incorporate strategies such as cooperative learning where learners work in small groups to solve a 
coding or robotics problem or use pair programming where learners work in pairs to solve coding or robotics 
problems.  

Abstraction also helps us to realise that we can 
ignore 3 of the rectangles / only focusing on 3 
rectangles – one of each size to solve the 
problem. 

Each step in the high-level 
algorithm was broken down into 
more specific, detailed steps, giving 
more detailed instructions. 

We can now break the problem into four 
rather easy sub-problems or main steps/ 
ideas (decomposition, using abstraction).  
This seems like a good technique. 

Input from user 

Code for drawing the geometric figure 
(processing) 

Convert the algorithm to 
code, execute and test, 
debug if required 

Output from 
computer 

Octagon within a circle 

Effective problem decomposition is 
a key skill in programming. 

2.7.2 Cooperative Learning 

Cooperative learning is an active teaching-learning strategy where learners work in small groups, they help 
each other learn and in doing so, increase their joy and skills in the learning process.  

Learning activities and roles are structured and overseen by the teacher, and each member of the group 
oversees the academic performance of the others. To successfully implement cooperative learning, leading 
authors in the field (David Johnson and Roger Johnson) emphasise the intentional stimulation of five basic 
elements (Johnson & Johnson, 2021:55-56) namely:  

• Positive interdependence: Learners should feel like they are linked in such a way that one cannot 
succeed unless all in the group succeeds. Teachers should thus find ways of stimulating positive 
interdependence in their group activities – one possibility is giving learners different roles to fulfil; hence 
the group cannot move forward unless all roles are successfully fulfilled. 

• Individual accountability: Learners should know that all will be assessed individually as well. “The 
purpose of cooperative learning groups is to make each member a stronger individual in his or her 
right”. One way of stimulating individual accountability is by giving learners individual marks for how well 
they contributed to the group activity – this assessment can occur either via teacher assessment or peer 
assessment – by doing this, everyone will know that they cannot get a freeride during the group activity 
as their inputs are also individually assessed. 

• Promotive interaction: Learners’ successes are increased due to the sharing of resources, support 
provided, and praise and encouragement given by their group members. Teachers thus need to 
stimulate promotive interaction which can be done by giving different resources to different learners. 
Giving learners different roles also stimulate promotive interaction. 

• Social skills: Stimulating social skills becomes an intentional endeavour of the teacher. Teachers could 
provide learners with resources on how to effectively form part of a team, how to communicate well and 
how to resolve conflict, should it arise. 

• Group processing: Group processing forms part of reflection during and after the group activity. 
Teachers can stimulate group processing by giving learners a reflection sheet or by asking them open-
ended questions to stimulate reflective conversations. Questions such as: “What worked well during 
your group activity”? or “Describe the best experiences and worst experiences of the group activity”. 

Cooperative learning can improve the learner's performance and teaches the value of teamwork, cooperation, 
communication, self-denial, and initiative taking.  

2.7.2.1 Implementing cooperative learning in Senior Phase Coding and Robotics 

Example of cooperative learning activity for Senior phase learners on the topic of robotics (Grade 7 (C.3)): “A 
simple set of commands in relation to R.6, are correctly executed physically, on paper or with an educational 
tool.” 

Task: Determine where a robot (simulated by one of the learners) will end after executing a set of instructions, 
including at most nine steps, provided in an algorithm.    

Divide the class into groups of four. Two learners could take on the roles of instructor and interpreter 
respectively and the other two learners the roles of robot and debugger.  

• Instructor: Reads out the steps from the algorithm 
• Interpreter: Puts steps from algorithm into “layman’s English” /Explain steps in plain English 
• Robot: Executes the steps from the interpreter  
• Debugger: Evaluates the movement of the robot to determine whether it executed steps correctly.  

Tools that can be used to develop the algorithm: pen-and-paper, coding cards (e.g. Tanks) for algorithm and 
interpretation, then, code algorithm using blocks from block-based coding platform, implement, test and debug 
in block-based coding environment.  
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Refer to Annexure B for cooperative learning assessment guidance. 

Pair programming could also be used as a cooperative teaching and learning strategy to solve programming 
problems. 

2.7.3 Pair Programming  

Pair programming is a pedagogical approach that involves two learners working together on one computer or 
one piece of paper to complete a shared goal/task. It 
emanates from the programming industry yet has proven to 
be successful even at school level. One of the learners 
fulfils the role of the “driver” while the other learner fulfils 
the role of the “navigator”.  

The driver is the learner who may use the computer and 
handles the keyboard, or draws on the paper and handles 
the pencil, whereas the navigator is the learner who utilises 
the resources, and reviews the driver’s work throughout, 
providing feedback and suggestions to the driver, pointing 
out errors and asking questions of the teacher. Pair 
programming is a collaborative effort that involves a lot of 
communication, discussion, and problem-solving.  

Although pair programming can be implemented as a collaborative “unstructured” pair activity, it is best to 
stimulate the five basic elements of cooperative learning as described above, when implementing pair 
programming in the classroom. 

It also appears particularly promising in situations where there are not enough computing devices for learners to 
work individually, as well as for increasing learning and engagement with technology by learners with limited 
device experience. It is also suggested that learners show higher confidence when programming in pairs. It 
allows learners to share knowledge and learn from each other, thereby improving the quality of the learning 
engagement. 

Implementing pair programming in Senior Phase Coding and Robotics 

Example of pair programming activity for Senior phase on the topic of Coding (C.1 and C.2): 

Apply computational thinking skills to develop a set of logical instructions to solve a problem. 

Learners are divided into pairs. Learners should draw a square using a set of instructions. One learner fulfils the 
role of “driver” and the other “navigator”.  

• Driver – The learner acting as the driver will be the one completing the steps in a block-based program 
and/or unplugged on a piece of paper.  

• Navigator – The learner acting as the navigator may consult the textbook and/or other resources. They 
may also ask the teacher for help. 

Learners need to find a way to draw a rectangle using a set of instructions. This implies having the drawing tool 
“turn” several degrees and moving forward a certain number of pixels/steps. Learners should be able to first 
work this out by “directing” each other and then put these instructions over into algorithm. 

Note:  
The teacher may swop the learners’ roles as the activity progresses to ensure that both learners have a chance to fulfil each role. You 
may also ask any one of the learners to present their work to the class. This ensures that both learners feel a need to engage and gives 
more learners an opportunity to practice communication skills. 
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Refer to Annexure B for cooperative learning assessment guidance. 
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allows learners to share knowledge and learn from each other, thereby improving the quality of the learning 
engagement. 

Implementing pair programming in Senior Phase Coding and Robotics 

Example of pair programming activity for Senior phase on the topic of Coding (C.1 and C.2): 

Apply computational thinking skills to develop a set of logical instructions to solve a problem. 

Learners are divided into pairs. Learners should draw a square using a set of instructions. One learner fulfils the 
role of “driver” and the other “navigator”.  

• Driver – The learner acting as the driver will be the one completing the steps in a block-based program 
and/or unplugged on a piece of paper.  

• Navigator – The learner acting as the navigator may consult the textbook and/or other resources. They 
may also ask the teacher for help. 

Learners need to find a way to draw a rectangle using a set of instructions. This implies having the drawing tool 
“turn” several degrees and moving forward a certain number of pixels/steps. Learners should be able to first 
work this out by “directing” each other and then put these instructions over into algorithm. 

Note:  
The teacher may swop the learners’ roles as the activity progresses to ensure that both learners have a chance to fulfil each role. You 
may also ask any one of the learners to present their work to the class. This ensures that both learners feel a need to engage and gives 
more learners an opportunity to practice communication skills. 

2.7.4 Deliberate Practise 

A subject such as Coding and Robotics not only requires thinking skills, but also requires focused teaching and 
ample practise. This practise should, however, be purposeful, well thought through with gradual increase in 
complexity.  

The curriculum is designed to encourage deliberate practise, as competencies are repeated within and across 
grades. The concept of deliberate practise is particularly focused on skill acquisition and development and is 
key in the development of competency and expertise in subjects such as coding. 

Deliberate practise is a specific type of practise that involves setting specific goals, receiving feedback, and 
making focused efforts to acquire and improve skills and performance. It is not simply repeating skills over-and-
over again, but rather adjusting to improve competencies as well as gradually adding additional competencies 
that lead to mastery. It therefore involves purposeful repetition, feedback-driven metacognition, and extension to 
improve performance (Ericsson, 2008; Deans for Impact, 2016; Ericsson et. al., 2018). 

In terms of extension, deliberate practice involves extending the amount of time spent practising, adding new 
features, and increasing the complexity of tasks. The goal is to push beyond one's comfort zone to achieve 
growth and improvement. 

2.7.5 Science of Learning 

Science of Learning, a multidisciplinary field combines research from cognitive psychology, neuroscience, 
educational psychology, and other related disciplines to understand how people learn. It also aims to identify the 
most effective teaching and learning strategies based on empirical evidence that has been shown to improve 
long-term retention of information and enhance learning outcomes.  

Learning is an iterative process that requires that one continually revisits what one has learned earlier, update it, 
and connect it with new knowledge. Learning always builds on a store of prior knowledge and is the residue of 
thought. New learning requires a considerable amount of practise and meaningful connections to existing 
knowledge. Learning, therefore, requires learners thinking (Brown et al., 2014; Dereck Bok Center, Harvard 
University, 2023).  

Science of learning includes the following learning strategies (Weinstein et al., 2018): 
• Retrieval practice: Bringing learned information to mind from long-term memory. 
• Spaced practice: Spreading learning activities out over time/reviewing previously learned information 

at gradually increasing intervals. 
• Interleaving: Switching between topics while learning. 
• Examples: When learning abstract concepts, illustrating them with various examples or experiences. 
• Dual coding: For example, combining words with visuals. 
• Elaboration: Classroom discussions that require learners to relate new material to what they already 

know and to recall previously learned information, including asking why and how questions with learners 
explaining in their own words. 

• Interactive activities: Engage actively with learning material using activities that require one to retrieve 
(recall) previously learned information. 

2.8 LINKING CODING AND ROBOTICS WITH OTHER SUBJECTS 
Coding and Robotics concepts are linked to Language, Mathematics, Natural Sciences, Technology and Life 
Skills in the Senior Phase. These cross-cutting concepts should therefore be integrated into Coding and 
Robotics to enhance the learning experience.  

For example, coding often involves mathematical concepts, such as logic, arithmetic, and geometry whilst 
Robotics combines coding with principles of physics, engineering, and materials science, highlighting the 
interdisciplinary nature of digital concepts and skills. Other examples are:  
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Algorithms involve sequencing and summarising in literacy and breaking down complex problems into simpler 
steps in mathematics.  

Modularity: Involves breaking down tasks into manageable units in computer science, while in mathematics, it 
involves breaking down a complex problem into smaller, manageable parts.  

Control structures in coding determine how a set of instructions are executed within a program, while heuristic 
thinking in mathematics involves using logical thinking and trial and error to solve problems.  

Coding and natural language: The process of learning to code is also often likened to language acquisition, as 
learners progress through six distinct stages of understanding. These stages bear close resemblance to the 
stages of literacy development. 

Design: Designing robotics artefacts links to aspects of Creative Arts as part of Life Skills. 

Digital concepts: Aspects such as the impact of technology and being a digital citizen, links to Life Orientation. 

By developing these skills in Coding and Robotics, learners can develop habits of mind that will be valuable in 
all other subjects. 

2.9 TIME ALLOCATION 
In Senior Phase, 2 hour per week (20 hours per term) is allocated for Coding and Robotics. 

The following table provides the time allocation as a percentage of the total available time per term: 

 Grade 4 Grade 5 Grade 6 Grade 7 Grade 8 Grade 9 
Coding 50 50 50 50 45 45 
Robotics 25 25 30 30 35 35 
Digital Concepts 25 25 20 20 20 20 

Available time should be allocated as indicated by the percentages in the table above. 

Note: 
Sections 2.12.1 (coding content) 2.12.2 (robotics content) and 2.12.3 (digital concepts content) are linked and 
support each other. Various competencies across the three strands can therefore be linked and dealt with in an 
integrated fashion. Section 3 (unpacking of the content) provides examples and notes and suggests 
pedagogical approaches. 
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2.11 OVERVIEW OF SENIOR PHASE CODING AND ROBOTICS 
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2.11 OVERVIEW OF SENIOR PHASE CODING AND ROBOTICS 2.12 FOCUS OF CONTENT AREAS 

2.12.1 Coding 

Competency Grade 7 
(intermediate level) 

Grade 8 
(competent level) 

Grade 9 
(proficient level) 

C.1  
Apply 
computational 
thinking skills to 
develop a set of 
logical 
instructions to 
solve a problem. 

Progression in problem-solving mostly lies in gradually increasing the scope and complexity of problems.  
Using simple to moderate problems: 
• Develop a set of logical instructions to 

solve a moderate problem that 
includes (where appropriate): 
- sequences of commands  
- repetition 
-  conditional constructs 

Refer to Table 2-7  
• Trace, evaluate, correct or complete a 

set of logical instructions (algorithm)  
(link to C.2, C.3, C.4, C.5, C.6 and C.7) 

Using moderate to intermediate 
problems: 
• Develop a set of logical instructions to 

solve a problem that includes (where 
appropriate): 
- sequences of commands  
- repetition 
-  conditional constructs 

Refer to Table 2-7 
• Trace, evaluate, correct or complete a 

set of logical instructions (algorithm)  
(link to C.2, C.3, C.4, C.5, C.6 and C.7) 

Using intermediate to little more involved 
problems: 
• Develop a set of logical instructions to 

solve a problem that includes (where 
appropriate): 
- sequences of commands  
-  repetition 
-  conditional constructs 

Refer to Table 2-7 
• Trace, evaluate, correct or complete a 

set of logical instructions (algorithm)  
(link to C.2, C.3, C.4, C.5, C.6 and C.7)) 

Computational thinking is infused and used in all aspects of coding/problem solving activities as follows: 
Use abstraction to simplify complex problems by reducing it to its most essential components. It helps to gain a deeper 
understanding of their underlying structure and develop more effective solutions. It allows you to focus on the essential aspects 
while minimizing distractions from irrelevant details. Abstraction is also used to make a visual representation of solution. 
Use decomposition to help to simplify complex problems by breaking them down into manageable parts, that allows one to 
address each component individually. It enables a systematic approach to problem-solving and enhances ones understanding of 
the problem's structure and relationships. 
Use pattern recognition to leverage existing knowledge and experiences to identify meaningful regularities in data or situations. 
Recognising patterns, helps to gain insights, make predictions, apply them to new problems, and develop more effective 
problem-solving strategies.  
Use algorithmic thinking to develop a series of precise, logical steps or instructions (algorithm) to accomplish a task or solve a 
problem in an organised and methodical manner. 

C.2 
Present a 
competent coding 
solution using 
symbolic or 
written statements 
representing 
sequences of 
commands, single 
repetition, and 
conditional 
constructs. 

Working with a coding solution (set of 
logical instructions) for simple to 
moderate problems:  
• Translate a coding solution (set of 

instructions/algorithm) into 
programming code (e.g. block-based 
coding instructions /Tanks cards, etc.).  

• Use code (symbols/ blocks/written 
statements to represent actions and 
operations to accomplish a particular 
task/solve a programming problem.  

• Group instructions/code blocks to 
represent repetition (or a statement 
indicating repetition)  

(Done in relation to C.1, C.4 and C.5) 

Working with a coding solution (set of 
logical instructions) for moderate to 
intermediate problems:  
• Translate a coding solution (set of 

instructions/algorithm) into 
programming code (e.g. block-based 
coding instructions /Tanks cards, etc.).  

• Use code (symbols/ blocks/written 
statements to represent actions and 
operations to accomplish a particular 
task/solve a programming problem.  

• Group instructions/code blocks to 
represent repetition (or a statement 
indicating repetition)  

(Done in relation to C.1, C.4 and C.5) 

Working with a coding solution (set of 
logical instructions) for intermediate to 
little more involved problems:  
(Done in relation to C.1) 
• Translate a coding solution (set of 

instructions/algorithm) into 
programming code (e.g. block-based 
coding instructions/Tanks cards, etc.).  

• Use code (symbols/ blocks/written 
statements to represent actions and 
operations to accomplish a particular 
task/solve a programming problem.  

• Group instructions/code blocks to 
represent repetition (or a statement 
indicating repetition)  

(Done in relation to C.1, C.4 and C.5) 
C.3 
Interpret and 
execute a given 
symbolic or 
written set of 
commands 

Using simple to moderate problems: 
• Execute a set of commands using 

unplugged activities (physically, on 
paper, coding cards) or an 
educational tool (e.g. block-based 
coding software). 

Done in relation to C.1 and C.2 
• Determine the output of a given 

algorithm (set of commands) or of 
given program code (e.g. trace block-
based commands) to determine the 
output or explain what the 
code/program does). 

Using moderate to intermediate 
problems: 
• Execute a set of commands using 

unplugged activities (physically, on 
paper, coding cards) or an 
educational tool (e.g. block-based 
coding software). 

Done in relation to C.1 and C.2 
• Determine the output of a given 

algorithm (set of commands) or of 
given program code (e.g. trace block-
based commands) to determine the 
output or explain what the 
code/program does). 

Using intermediate to little more involved 
problems: 
• Execute a set of commands using 

unplugged activities (physically, on 
paper, coding cards) or an 
educational tool (e.g. block-based 
coding software). 

Done in relation to C.1, C.2 and C.3 
• Determine the output of a given 

algorithm (set of commands) or of 
given program code (e.g. trace block-
based commands) to determine the 
output or explain what the 
code/program does). 

C.4  
Debug a given 

• Reinforce reading and understanding 
a simple to moderate problem. 

• Reinforce reading and understanding 
a moderate to intermediate problem. 

• Reinforce reading and understanding 
an intermediate to little more involved 
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symbolic or 
written set of 
instructions. 

• Interpret/execute/trace a given set of 
commands to determine correctness 
of the solution/if the correct output is 
achieved. 

• Complete an incomplete a set of 
commands provided to solve a given 
moderate problem. 

• Inspect/trace a coding solution (set of 
commands) for an error or errors and 
correct if necessary. (Unplugged and 
Plugged). 

Done in relation to C.1, C.2, C.3 and C.4 

• Interpret/execute/trace a given set of 
commands to determine correctness 
of the solution/if the correct output is 
achieved. 

• Complete an incomplete a set of 
commands provided to solve a given 
moderate problem. 

• Inspect/trace a coding solution (set of 
commands) for an error or errors and 
correct if necessary. (Unplugged and 
Plugged). 

Done in relation to C.1, C.2, C.3 and C.4 

problem. 
• Interpret/execute/trace a given set of 

commands to determine correctness 
of the solution/if the correct output is 
achieved. 

• Complete an incomplete a set of 
commands provided to solve a given 
moderate problem. 

• Inspect/trace a coding solution (set of 
commands) for an error or errors and 
correct if necessary. (Unplugged and 
Plugged). 

Done in relation to C.1, C.2, C.3 and C.4 
C.5  
Evaluate a given 
solution towards 
potential 
improvement. 

Using simple to moderate problems: 
• Reflect and report on a given solution 

by asking the following questions 
(critical thinking): 
- What happened? 
- Why has it happened? 
- What can be learnt? 
- How can the solution be 

improved? 
• Inspect a set of commands 

(algorithm/program) and reflect to 
improve it or provide a better 
alternative (e.g. reducing the number 
of steps/instructions using a loop for 
repetitive steps/patterns Link to C.6 
and C.7. 

Using moderate to intermediate 
problems: 
• Reflect and report on a given 

solution by asking the following 
questions (critical thinking): 

- What happened? 
- Why has it happened? 
- What can be learnt? 
- How can the solution be 

improved? 
• Inspect a set of commands 

(algorithm/program) and reflect to 
improve it or provide a better 
alternative (e.g. reducing the 
number of steps/instructions using 
a loop for repetitive steps/patterns 
Link to C.6 and C.7 

Using intermediate to little more involved 
problems: 
• Reflect and report on a given 

solution by asking the following 
questions (critical thinking): 

- What happened? 
- Why has it happened? 
- What can be learnt? 
- How can the solution be 

improved? 
• Inspect a set of commands 

(algorithm/program) and reflect to 
improve it or provide a better 
alternative (e.g. reducing the 
number of steps/instructions using 
a loop for repetitive steps/patterns 
Link to C.6 and C.7 

C.6 
Recognise and 
interpret patterns 
in symbolic sets of 
data or 
visualisations. 

• Identify a pattern (e.g. a pattern in 
coding instructions, numbers, 
symbols, blocks, characters, 
sequences, etc)  

• Interpret, explain and complete/ 
extend a pattern (describe the pattern 
rule, use the pattern rule to 
complete/extend the pattern or make 
predictions) 

Link to C.1 and C.2 

• Identify a pattern (e.g. a pattern in 
coding instructions, numbers, 
symbols, blocks, characters, 
sequences, etc)  

• Interpret, explain and complete/ 
extend a pattern (describe the pattern 
rule, use the pattern rule to 
complete/extend the pattern or make 
predictions) 

Link to C.1 and C.2 

• Identify a pattern (e.g. a pattern in 
coding instructions, numbers, 
symbols, blocks, characters, 
sequences, etc)  

• Interpret, explain and complete/ 
extend a pattern (describe the pattern 
rule, use the pattern rule to 
complete/extend the pattern or make 
predictions) 

Link to C.1 and C.2 
C.7 
Create or complete 
a pattern to 
represent a data 
set. 

• Complete a simple to moderate 
pattern that is part of a data set or 
programming solution. 

• Create a simple to moderate pattern to 
form part of a data set or a 
programming solution. 

• Generalise a basic pattern based on 
the pattern rule 

Done in relation to C.6 
Link to C.1 and C.2 

• Complete a moderate to intermediate 
pattern that is part of a data set or 
programming solution. 

• Create a simple to moderate pattern to 
form part of a data set or a 
programming solution. 

• Generalise a simple pattern based on 
the pattern rule. 

• Incorporate the generalised pattern as 
part of a programming solution. 

Done in relation to C.6 
Link to C.1 and C.2 

• Complete an intermediate to little 
more involved pattern that is part of a 
data set or programming solution. 

• Create an intermediate to little more 
involved pattern to form part of a data 
set or a programming solution. 

• Generalise a moderate to intermediate 
pattern based on the pattern rule. 

• Incorporate the generalised pattern as 
part of a programming solution. 

Done in relation to C.6 
Link to C.1 and C.2 

Note 
Linked competencies can be grouped/done together within one lesson/activity where appropriate. 
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symbolic or 
written set of 
instructions. 

• Interpret/execute/trace a given set of 
commands to determine correctness 
of the solution/if the correct output is 
achieved. 

• Complete an incomplete a set of 
commands provided to solve a given 
moderate problem. 

• Inspect/trace a coding solution (set of 
commands) for an error or errors and 
correct if necessary. (Unplugged and 
Plugged). 

Done in relation to C.1, C.2, C.3 and C.4 

• Interpret/execute/trace a given set of 
commands to determine correctness 
of the solution/if the correct output is 
achieved. 

• Complete an incomplete a set of 
commands provided to solve a given 
moderate problem. 

• Inspect/trace a coding solution (set of 
commands) for an error or errors and 
correct if necessary. (Unplugged and 
Plugged). 

Done in relation to C.1, C.2, C.3 and C.4 

problem. 
• Interpret/execute/trace a given set of 

commands to determine correctness 
of the solution/if the correct output is 
achieved. 

• Complete an incomplete a set of 
commands provided to solve a given 
moderate problem. 

• Inspect/trace a coding solution (set of 
commands) for an error or errors and 
correct if necessary. (Unplugged and 
Plugged). 

Done in relation to C.1, C.2, C.3 and C.4 
C.5  
Evaluate a given 
solution towards 
potential 
improvement. 

Using simple to moderate problems: 
• Reflect and report on a given solution 

by asking the following questions 
(critical thinking): 
- What happened? 
- Why has it happened? 
- What can be learnt? 
- How can the solution be 

improved? 
• Inspect a set of commands 

(algorithm/program) and reflect to 
improve it or provide a better 
alternative (e.g. reducing the number 
of steps/instructions using a loop for 
repetitive steps/patterns Link to C.6 
and C.7. 

Using moderate to intermediate 
problems: 
• Reflect and report on a given 

solution by asking the following 
questions (critical thinking): 

- What happened? 
- Why has it happened? 
- What can be learnt? 
- How can the solution be 

improved? 
• Inspect a set of commands 

(algorithm/program) and reflect to 
improve it or provide a better 
alternative (e.g. reducing the 
number of steps/instructions using 
a loop for repetitive steps/patterns 
Link to C.6 and C.7 

Using intermediate to little more involved 
problems: 
• Reflect and report on a given 

solution by asking the following 
questions (critical thinking): 

- What happened? 
- Why has it happened? 
- What can be learnt? 
- How can the solution be 

improved? 
• Inspect a set of commands 

(algorithm/program) and reflect to 
improve it or provide a better 
alternative (e.g. reducing the 
number of steps/instructions using 
a loop for repetitive steps/patterns 
Link to C.6 and C.7 

C.6 
Recognise and 
interpret patterns 
in symbolic sets of 
data or 
visualisations. 

• Identify a pattern (e.g. a pattern in 
coding instructions, numbers, 
symbols, blocks, characters, 
sequences, etc)  

• Interpret, explain and complete/ 
extend a pattern (describe the pattern 
rule, use the pattern rule to 
complete/extend the pattern or make 
predictions) 

Link to C.1 and C.2 

• Identify a pattern (e.g. a pattern in 
coding instructions, numbers, 
symbols, blocks, characters, 
sequences, etc)  

• Interpret, explain and complete/ 
extend a pattern (describe the pattern 
rule, use the pattern rule to 
complete/extend the pattern or make 
predictions) 

Link to C.1 and C.2 

• Identify a pattern (e.g. a pattern in 
coding instructions, numbers, 
symbols, blocks, characters, 
sequences, etc)  

• Interpret, explain and complete/ 
extend a pattern (describe the pattern 
rule, use the pattern rule to 
complete/extend the pattern or make 
predictions) 

Link to C.1 and C.2 
C.7 
Create or complete 
a pattern to 
represent a data 
set. 

• Complete a simple to moderate 
pattern that is part of a data set or 
programming solution. 

• Create a simple to moderate pattern to 
form part of a data set or a 
programming solution. 

• Generalise a basic pattern based on 
the pattern rule 

Done in relation to C.6 
Link to C.1 and C.2 

• Complete a moderate to intermediate 
pattern that is part of a data set or 
programming solution. 

• Create a simple to moderate pattern to 
form part of a data set or a 
programming solution. 

• Generalise a simple pattern based on 
the pattern rule. 

• Incorporate the generalised pattern as 
part of a programming solution. 

Done in relation to C.6 
Link to C.1 and C.2 

• Complete an intermediate to little 
more involved pattern that is part of a 
data set or programming solution. 

• Create an intermediate to little more 
involved pattern to form part of a data 
set or a programming solution. 

• Generalise a moderate to intermediate 
pattern based on the pattern rule. 

• Incorporate the generalised pattern as 
part of a programming solution. 

Done in relation to C.6 
Link to C.1 and C.2 

Note 
Linked competencies can be grouped/done together within one lesson/activity where appropriate. 

2.12.2 Robotics 

Outcome Grade 7 
(intermediate level) 

Grade 8 
(competent) 

Grade 9 
(proficient level) 

R.1 
Explain what a 
robot is in 
competent terms. 

Provide a basic description of a robot in 
terms of (extend from Grade 6): 
• definition (what it is) 
• purpose 
• the contexts that they operate in.  
• concepts regarding the relationship 

between the composition of a robot - 
basic parts (sensors, controllers, 
actuators, power source) 

• evolution of robots / advancements of 
robots (also link to the concept of AI –
elementary reference to automatic 
decisions) 

Link to R.2 and R.3 

Provide a definition and basic 
description of a robot that is used in the 
security and protection industry with 
reference to: 
• Various components 
• Contexts that they operate in 
• Potential application of AI 
• Ethical and legal implications.  
Link to R.2 and R.3 

Provide a definition and basic 
description of a robot (e.g. drone) that is 
used for rescue or in unsafe and 
inaccessible places to operate with 
reference to: 
• Various components 
• Contexts that they operate in 
• Potential application of AI 
• Ethical and legal implications. 
Link to R.2 and R.3  

R.2 
Identify different 
types of robots. 

Learners can outline different types of 
robots in terms of their use and 
application, i.e.  
• Simple Task-Oriented Robots 
• Chatbots (in relation to automation 

and virtual robots used in the 
information systems space) 

Learners can outline different types of 
robots in terms of their use and 
application, i.e.,  
• Medical Robots 
• Agricultural Robots 
• Virtual Customer Service Agents (in 

relation to automation and virtual 
robots used in the information systems 
space) 

Learners can outline different types of 
robots in terms of their use, composition, 
and application, i.e.,  
• Artificial Intelligence (AI) Robots 
• Exoskeleton Robots 
• Industrial Robots 
(in relation to automation and virtual 
robots used in the information systems 
space) 
• AI-Powered Virtual Assistants 
• Virtual IT Support Bots 

R.3 
Outline the 
different 
components of a 
robot 

Provide a moderate reference to the 
components of a robot or physical 
computing artefact and their purpose 
(refer to section 2.16.3)) 
Link to R.1, R.2 and R.4 – R.7 

Provide a moderate to intermediate 
reference to the components of a robot 
or physical computing artefact and their 
purpose (refer to section 2.16.3)) 
Link to R.1, R.2 and R.4 – R.7 

Provide an intermediate reference to the 
components of a robot or physical 
computing artefact and their purpose 
(refer to section 2.16.3)) 
Link to R.1, R.2 and R.4 – R.7 

R.4 
Present an 
understanding of 
how robots affect 
the world. 

• Differentiate between various robots, 
such as industrial robots, service 
robots, and educational robots 

• Describe the positive and negative 
impacts of robots on human lives. 

• Discuss the advantages and 
disadvantages of using robots, 
including increased productivity, 
convenience, and potential job 
displacement. 

• Design a simple task for a hypothetical 
robot and present it to the class. 

Link to R.1 – R3 and R.5 - R.7 

• Present a basic understanding and 
consider the potential ethical 
dilemmas related to robotic 
technologies, such as privacy 
concerns, AI bias, and the 
responsibility for actions performed by 
autonomous robots. 

• Compare and contrast the impact of 
robots on the economy in different 
countries. 

• Present a basic discussion on how 
different nations are adapting to the 
robotic revolution, considering 
economic implications automation. 

Link to R.1 – R3 and R.5 - R.7 

• Explain the possibilities of advanced 
robots with artificial intelligence, 
considering their impact on 
employment, social structures, and 
human interaction. 

• Discuss the advantages and 
disadvantages of utilizing robots in 
dangerous situations and space 
exploration. 

• Outline the concerns and potential 
issues related to address concerns 
related to robot-human interactions, 
employment shifts, and privacy 
concerns, promoting responsible and 
ethical implementation in the 4IR+ 
society. 

Link to R.1 – R3 and R.5 - R.7 
R.5 
Design a 
competent artefact 
based on a set of 
design 
specifications. 

• Design simple to moderate robot 
artefacts using the design thinking 
process. 

Refer to 2.16.1, 2.16.1 and 2.16.3  
for content and progression. 
Link to R.1 – R.4 and R.6, R.7 

• Design moderate to intermediate robot 
artefacts using the design thinking 
process/ 

Refer to 2.16.1, 2/16.1 and 2.16.3  
for content and progression 
Link to R.1 – R.4 and R.6, R.7 

• Design intermediate to little more 
involved robot artefacts using the 
design thinking process. 

Refer to 2.16.1, 2/16.1 and 2.16.3  
for content and progression 
Link to R.1 – R.4 and R.6, R.7 

Design thinking is infused and used when creating robotic artifacts as follows: 
Empathise: Ask questions to find out what the problem is and to identify challenges related to the problem as well as to identify 
ways to solve the challenges 
Define: Specify the detail of the problem  
Ideate: Imagine and brainstorm different ideas for solving the problem and choose the best idea 
Prototype (Plan and design): Draw a competent picture (abstraction) and write down the material you will need. Then write 
down step-by-step instructions (algorithm) for implementing the idea. 
Test (Create/implement, test, reflect and improve): Follow the design (picture) and plan (algorithm) and build the artefact. 
Then test it to see if it works and correct/improve where necessary. 
The progression mostly lies in the gradual increase in scope and complexity of artefacts. 



30 CURRICULUM AND ASSESSMENT POLICY STATEMENT

R.6 
Mimic the 
operations of a 
robot 

Use a simulated block-based 
environment with a microcontroller to 
mimic the operations of a robot: 
• Align coding concepts to be used with 

the coding concepts covered and 
mastered in the coding section.  

• Includes role play (acting out), and 
tangible activities.  

• Includes the use of appropriate paper-
based exercises. 

Link to R.3, R.5 and R.7  
 
In addition, schools can also opt to use 
tangible tools and educational robots 
(OPTIONAL) for reinforcement.  

Use a simulated block-based 
environment with a microcontroller or to 
mimic the operations of a robot: 
• Align coding concepts to be used with 

the coding concepts covered and 
mastered in the coding section.  

• Includes role play (acting out), and 
tangible activities.  

• Includes the use of appropriate paper-
based exercises. 

Link to R.3, R.5 and R.7  
 
In addition, schools can also opt to use 
tangible tools and educational robots 
(OPTIONAL) for reinforcement. 

Use a simulated block-based 
environment with a microcontroller to 
mimic the operations of a robot: 
• Align coding concepts to be used with 

the coding concepts covered and 
mastered in the coding section.  

• Includes role play (acting out), and 
tangible activities.  

• Includes the use of appropriate paper-
based exercises. 

Link to R.3, R.5 and R.7  
 
In addition, schools can also opt to use 
tangible tools and educational robots 
(OPTIONAL) for reinforcement. 

The scope and complexity are gradually increased in relation to the coding features, operations and structures (code 
blocks/coding constructs – coding knowledge and skills) as well as the physical features and components introduced per term 
per year as well as in terms of the complexity of the problem. 
Refer to Section 2.16.1, 2.16.1.2 and 2.16.3 for content/skill per grade and for progression 

R.7 
Create, test, and 
execute a set of 
robotic 
instructions. 

Using simple to moderate problems: 
• Develop solutions to solve specific 

problems 
• Translate solution instructions 

(algorithms) into code (using virtual 
robots with instructions in a tangible or 
non-tangible coding environment 
(software) or using physical 
educational robotic tools or both).  

• Implement, test, modify and/or 
improve solutions. 

(Link to C.1 to C.5 as well as R.5 to R.6) 

Using moderate to intermediate 
problems: 
• Develop solutions to solve a specific 

problem. 
• Translate solution instructions 

(algorithms) into code (using virtual 
robots with instructions in a tangible or 
non-tangible coding environment 
(software) or using physical 
educational robotic tools or both).  

• Implement, test, modify and/or 
improve solutions. 

(Link to C.1 to C.5 as well as R.5 to R.6) 

Using intermediate to little more involved 
problems: 
• Develop solutions to solve a specific 

problem. 
• Translate solution instructions 

(algorithms) into code (using virtual 
robots with instructions in a tangible or 
non-tangible coding environment 
(software) or using physical 
educational robotic tools or both).  

• Implement, test, modify and/or 
improve solutions. 

(Link to C.1 to C.5 as well as R.5 to R.6) 
The scope and complexity are gradually increased in relation to the coding features, operations and structures (code 
blocks/coding constructs) as well as physical features and components introduced per term per year as well as in terms of the 
complexity of the problem. Refer to Section 2.16 for content/skill per grade and for progression 

Note 
Processes such as computational thinking and design thinking, is like riding a bicycle/driving a car. With repeated practise and experience, they become 
intrinsic. It means that the thinking process or skills required to perform the activity become so well-practiced and internalised that they become 
automatic and almost second nature.  

As with driving a car repeatedly, you gain experience, become able to recognise patterns on the road, formulating driving “algorithms” (decomposing 
driving tasks, breaking distance calculations, etc.). With enough practise, decision-making when driving becomes automated (e.g. using your turn 
indicators). Over time you become more skilled at abstracting relevant information when driving, and as you encounter different driving scenarios, you 
learn from your mistakes and “debug” your driving skills. Also, with experience, you become skilled at processing multiple factors simultaneously (e.g., 
consider traffic signals, the behaviour of other drivers, while maintaining your focus on the road ahead). Eventually, you go into unconscious competence 
mode – performing these actions almost involuntarily. 

These thinking processes therefore become intrinsic, and the problem-solving approaches and mental processes involved become an integral part of 
your behaviour. At first though, they must be consciously learned and repeatedly practised. 

Note 
Linked competencies can be grouped/done together within one lesson/activity where appropriate. 
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R.6 
Mimic the 
operations of a 
robot 

Use a simulated block-based 
environment with a microcontroller to 
mimic the operations of a robot: 
• Align coding concepts to be used with 

the coding concepts covered and 
mastered in the coding section.  

• Includes role play (acting out), and 
tangible activities.  

• Includes the use of appropriate paper-
based exercises. 

Link to R.3, R.5 and R.7  
 
In addition, schools can also opt to use 
tangible tools and educational robots 
(OPTIONAL) for reinforcement.  

Use a simulated block-based 
environment with a microcontroller or to 
mimic the operations of a robot: 
• Align coding concepts to be used with 

the coding concepts covered and 
mastered in the coding section.  

• Includes role play (acting out), and 
tangible activities.  

• Includes the use of appropriate paper-
based exercises. 

Link to R.3, R.5 and R.7  
 
In addition, schools can also opt to use 
tangible tools and educational robots 
(OPTIONAL) for reinforcement. 

Use a simulated block-based 
environment with a microcontroller to 
mimic the operations of a robot: 
• Align coding concepts to be used with 

the coding concepts covered and 
mastered in the coding section.  

• Includes role play (acting out), and 
tangible activities.  

• Includes the use of appropriate paper-
based exercises. 

Link to R.3, R.5 and R.7  
 
In addition, schools can also opt to use 
tangible tools and educational robots 
(OPTIONAL) for reinforcement. 

The scope and complexity are gradually increased in relation to the coding features, operations and structures (code 
blocks/coding constructs – coding knowledge and skills) as well as the physical features and components introduced per term 
per year as well as in terms of the complexity of the problem. 
Refer to Section 2.16.1, 2.16.1.2 and 2.16.3 for content/skill per grade and for progression 

R.7 
Create, test, and 
execute a set of 
robotic 
instructions. 

Using simple to moderate problems: 
• Develop solutions to solve specific 

problems 
• Translate solution instructions 

(algorithms) into code (using virtual 
robots with instructions in a tangible or 
non-tangible coding environment 
(software) or using physical 
educational robotic tools or both).  

• Implement, test, modify and/or 
improve solutions. 

(Link to C.1 to C.5 as well as R.5 to R.6) 

Using moderate to intermediate 
problems: 
• Develop solutions to solve a specific 

problem. 
• Translate solution instructions 

(algorithms) into code (using virtual 
robots with instructions in a tangible or 
non-tangible coding environment 
(software) or using physical 
educational robotic tools or both).  

• Implement, test, modify and/or 
improve solutions. 

(Link to C.1 to C.5 as well as R.5 to R.6) 

Using intermediate to little more involved 
problems: 
• Develop solutions to solve a specific 

problem. 
• Translate solution instructions 

(algorithms) into code (using virtual 
robots with instructions in a tangible or 
non-tangible coding environment 
(software) or using physical 
educational robotic tools or both).  

• Implement, test, modify and/or 
improve solutions. 

(Link to C.1 to C.5 as well as R.5 to R.6) 
The scope and complexity are gradually increased in relation to the coding features, operations and structures (code 
blocks/coding constructs) as well as physical features and components introduced per term per year as well as in terms of the 
complexity of the problem. Refer to Section 2.16 for content/skill per grade and for progression 

Note 
Processes such as computational thinking and design thinking, is like riding a bicycle/driving a car. With repeated practise and experience, they become 
intrinsic. It means that the thinking process or skills required to perform the activity become so well-practiced and internalised that they become 
automatic and almost second nature.  

As with driving a car repeatedly, you gain experience, become able to recognise patterns on the road, formulating driving “algorithms” (decomposing 
driving tasks, breaking distance calculations, etc.). With enough practise, decision-making when driving becomes automated (e.g. using your turn 
indicators). Over time you become more skilled at abstracting relevant information when driving, and as you encounter different driving scenarios, you 
learn from your mistakes and “debug” your driving skills. Also, with experience, you become skilled at processing multiple factors simultaneously (e.g., 
consider traffic signals, the behaviour of other drivers, while maintaining your focus on the road ahead). Eventually, you go into unconscious competence 
mode – performing these actions almost involuntarily. 

These thinking processes therefore become intrinsic, and the problem-solving approaches and mental processes involved become an integral part of 
your behaviour. At first though, they must be consciously learned and repeatedly practised. 

Note 
Linked competencies can be grouped/done together within one lesson/activity where appropriate. 

2.12.3 Digital Concepts 

Competency Grade 7  Grade 8 Grade 6 
D.1 
Outline the 
concept of 
technology and 
purpose of 
information 
technology (IT). 

• Explain what technology and 
information technology is.  

• Distinguish between technology and 
information technology.  

• Relate the concept information 
technology to that of a tool such as the 
use of computers and software or 
other computing devices and tools 
such as smart watches, etc. to 
process large amounts of data rapidly, 
to provide information that enables 
informed decisions. 

• Know the role of IT and IT 
professionals (programmers) as well 
as the role mathematics, statistics and 
simulations play to analyse data and 
information, make predictions, and 
guide decisions.  

• Identify the use of information 
technology in a specific real-world 
scenario and explain the purpose. 

• Identify examples of information 
technology and relate their use and 
purpose to everyday life. 

Link to D.3, D.4 and D.5 

• Explain what a computer/computing 
device in the context of information 
technology is. 

• Relate the concept of technology and 
information technology to that of a tool 
such as the use of computers and 
software (applications and concept of 
operating system) to manage and 
process data into information to 
enable informed decisions. 

• Understand Know the role of IT and IT 
professionals (programmers) as well 
as the role mathematics, statistics and 
simulations play to analyse data and 
information, make predictions, and 
guide decisions. 

• List examples of computers and 
computing devices and relate their use 
and purpose to everyday life. 

• Understand the purpose of information 
technology and its role in general. 

• Identify the information technology 
used in a specific real-world scenario 
(e.g. entertainment, shopping) and 
explain the purpose. 

Link to D.3, D.4 and D.5 

• Explain what a computer/computing 
device in the context of information 
technology is. 

• Relate the concept of computers and 
microcontrollers to that of an ICT tool. 

• Describe examples of computers and 
microcontrollers and relate their use 
and purpose to everyday life. 

• Describe networks as a key 
component of technology, 
representing interconnected systems 
that facilitate the transmission of data 
and communication between devices 
or users. 

• Relate technology and IT to the 
Internet of Things (IoT) that uses 
technologies, IT and networks to 
collect and exchange data over the 
internet or other communication 
networks. 

• Compare and evaluate the role of 
information technology in two different 
contexts (e.g. education, shopping, 
and entertainment) and discuss 
advantages and disadvantages. 

Link to D.3, D.4 and D.5 and Rs 
D.2  
Recognise that he 
or she is living as 
citizens in a digital 
world. 

• Provide an explanation of the digital 
world and a digital citizen 

• Explain and demonstrate the 
responsible use technology and 
computers in the classroom.  

• Recognise the dangers of the online 
environment (online predators, 
addiction, and distraction). 

• Provide an understanding of 
- Evaluating information (false/fake 

news), sources. 
- Cyberbullying and how to deal with 

it. 
- Reason for using passwords/ pins 

(security). 
- The concept and dangers of 

sharing information like personal 
information, usernames, and 
passwords.  

- A digital footprint 
- Social responsibility 

Link to D.6 

• Provide an explanation of the digital 
world and a digital citizen 

• Understand how to use technology 
and computers in the classroom 
responsibly and when to report 
unsuitable use, unauthorised access 
of content and/or contact. 

• Understand the dangers of the online 
environment (online predators, 
addiction, false information) 

• Understand the impact in terms off 
- Cyberbullying and how to deal with 

it. 
- Reason for using passwords/ pins 

(security). 
- The concept and dangers of 

sharing information like personal 
information, usernames, and 
passwords/pins.  

- A digital footprint 
Link to D.6 

• Explain what the digital world and a 
digital citizen is. 

• Explain how to use technology and 
computers in the classroom 
responsibly and when to report 
unsuitable use, unauthorised access 
of content and/or contact. 

• Explain ethical issues and dangers 
associated with the use of information 
technology, including privacy, security, 
copyright, false information and 
inappropriate content. 

• Provide guidelines on how to manage:  
- Cybersecurity, including phishing 

and ransomware 
- Cyberbullying  
- Passwords/pins (security). 
- Sharing of personal information.  
- Digital footprints 

Link to D.6 

D.3 
Demonstrate an 
understanding of 
the concept of a 
computing device. 

• Know what a computing device in 
general is. 

• Know the parts and function of a 
computing device, including concepts 
of input, processing, output, storage 
and software. 

• Provide examples of computing 
devices and their main purpose 

• Understand the concepts of hardware 
and software (“apps”). 

• Distinguish between computers and 
robots. (When is a robot a computer? 
When is a computer a robot?)  

• Provide a definition and function of a 
modem and router as network devices 

• Know the definition and function of a 
microprocessor and microcontroller. 

• Distinguish between a microprocessor 
and a microcontroller in terms of 
purpose, input/output, memory, 
examples and common applications. 

• Describe examples of common 
computing devices used in a network 
(including modem and router) and 
describe what they are used for/their 
main purpose. 
(Link to D.1 and D.2) 

• Explain what a computing device, in 
general, is. 

• Describe the microcontroller as a 
computing device and it use as a 
component in the IoT. 

• Explain the purpose and role of 
hardware (as input, processing, 
storage, and output) and software as a 
list of instructions (apps and operating 
system) that the computer can follow. 

• Describe common computing devices 
such as a computer and a 
microcontroller and describe their 
input, output, processing and storage 
devices. 
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• Describe the purpose and role of basic 
network devices (modem, router, 
firewall, IoT gateway) 

• Identify the instructions/software 
(‘apps’) one can use on the devices 
and the function/purpose of those 
(e.g., block-based coding app to write 
computer programs). 

D.4 
Identify the 
common uses of 
ICT in the real 
world.   

• Define ICT (inclusion of the concept of 
‘communication’ in ‘IT’ that allows 
people to interact in the digital world). 

• Identify everyday uses of ICTs, e.g., 
the Internet and the World Wide Web 
(WWW) 

• Understand what the Internet is 
• Understand what the World Wide Web 

(WWW) is 
• Distinguish between the Internet and 

the WWW 
• Understand what is required to 

establish a basic connection to the 
internet (modem, examples of different 
connectivity methods in a real-world 
scenario (Wi-Fi, cellular, cabled)) 

• Know that data is processed to 
provide information that informs 
decisions 

(Link to D.1, D.2, D.3 and D.4) 

• Describe ICT (inclusion of 
‘communication’ in ‘IT’ that allows 
people to interact in the digital world). 

• Describe everyday uses of ICTs, in 
terms of a basic home network 
connected to the Internet and 
devices/technology required (modem, 
router, firewall, ISP) and examples of 
different connectivity methods 
(Bluetooth, Wi-Fi, cellular, cabled). 

• Understand what a network is, the 
purpose of a network and list basic 
advantages of a network  

• List different uses of ICTs e.g. school 
network / entertainment / shopping)  

(Link to D.1, D.2, D.3 and D.4) 

• Explain ICT as an umbrella term that 
includes communication devices and 
systems. 

• Explain everyday uses of ICTs in 
terms of a basic home network 
connected to the Internet; (basic 
devices/technology required (modem 
and router, firewall, ISP) and 
connectivity methods  
(Bluetooth, Wi-Fi, cellular, cabled).  

• Describe the Internet of Things (IoT) 
as a network of interconnected 
physical devices or "things" that are 
embedded with sensors, software, and 
other technologies to collect and 
exchange data over the internet or 
other communication networks. 

(Link to D.1, D.2, D.3 and D.4) 

D.5 
Differentiate 
between the 
components of an 
ICT system. 

• Know what an ICT system is (includes 
hardware (including computing 
devices such as modem router), 
software, data, communication 
(connectivity such as Wi-Fi, cellular, 
cabled), networks and people, (e.g. 
users)). 

• Provide an example of a basic ICT 
system. 

(Link to D.1, D.2, D.3 and D.4) 

• Describe an ICT system (basic 
home/school network and 
components) in terms of hardware 
(various computing devices), software 
and data, communication (modem, 
router) connectivity such as Wi-Fi, 
cellular, cabled) – including security 
(firewall), ISP, cloud storage service). 

• Provide common examples of ICT 
systems with basic descriptions 
(education, agriculture, media and 
entertainment) 

(Link to D.1, D.2, D.3 and D.4) 

• Explain an ICT system (includes 
hardware & software (computing 
devices with software such as 
computers, modem, router, firewall), 
data, communication (network and 
Internet), connectivity (Wi-Fi, 
Bluetooth, cellular, cabled) and 
people) (modem, router, firewall), 
peripherals, e.g. printer, ISP)  

• Identify the key components of an IoT 
system including microcontroller 
sensors, actuators, physical objects. 

• Cloud service (storage, software) 
(Link to D.1, D.2, D.3 and D.4) 

D.6 
Explain how the 
adaptation of 
technology 
impacted the 
world we work and 
live in. 

• Understand how technology impacts 
how we manage data and information 
and interact with others. 

• Understand what cloud storage is and 
that it is a service that allows one to 
store one’s files online,  

• Relate the concept of cloud storage to 
a network (internet) 

(Link to D.2, D3, D.4 and D.5).  

• Understand the impact of networks, 
their role in communication, society. 

• Understand what cybercrime is and 
what it includes 
- Steal or alter data  
- Steal personal data/information such 

as passwords  
- Gain unlawful use of computers or 

services or access to networks 
- Create and distribute malware 

• Describe how cybercrime impact on 
the world we live in 

• Understand and describe how 
technology impacts the following: 
- Communication 
- Transportation 
- Education 
- Information and information sources 

(False information/Fake news) 
• Evaluate information and information 

sources 
• Describe the role of the WWW and 

networks in facilitating communication, 
collaboration, and information sharing  

(Link to D.2, D3, D.4 and D.5). 
 

• Understand and explain of how 
technology impacts the following: 
- Interaction with others (global 

connectivity) 
- Communication and collaboration 
- Access to information (including 

False information/Fake news)  
- Entertainment and media 

(movie/audio streams, music 
instruments, games) 

- Education and e-Learning 
- Smart technologies 
- Healthcare 
- Agriculture 
- Transportation 
- Cybersecurity challenges 
- Privacy concerns 

• Understand how the IoT impacts our 
lives and provide examples 

• Evaluate information and information 
sources (including fact checking – link 
to fake news)) 

(Link to D.2, D3, D.4 and D.5). 
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• Describe the purpose and role of basic 
network devices (modem, router, 
firewall, IoT gateway) 

• Identify the instructions/software 
(‘apps’) one can use on the devices 
and the function/purpose of those 
(e.g., block-based coding app to write 
computer programs). 

D.4 
Identify the 
common uses of 
ICT in the real 
world.   

• Define ICT (inclusion of the concept of 
‘communication’ in ‘IT’ that allows 
people to interact in the digital world). 

• Identify everyday uses of ICTs, e.g., 
the Internet and the World Wide Web 
(WWW) 

• Understand what the Internet is 
• Understand what the World Wide Web 

(WWW) is 
• Distinguish between the Internet and 

the WWW 
• Understand what is required to 

establish a basic connection to the 
internet (modem, examples of different 
connectivity methods in a real-world 
scenario (Wi-Fi, cellular, cabled)) 

• Know that data is processed to 
provide information that informs 
decisions 

(Link to D.1, D.2, D.3 and D.4) 

• Describe ICT (inclusion of 
‘communication’ in ‘IT’ that allows 
people to interact in the digital world). 

• Describe everyday uses of ICTs, in 
terms of a basic home network 
connected to the Internet and 
devices/technology required (modem, 
router, firewall, ISP) and examples of 
different connectivity methods 
(Bluetooth, Wi-Fi, cellular, cabled). 

• Understand what a network is, the 
purpose of a network and list basic 
advantages of a network  

• List different uses of ICTs e.g. school 
network / entertainment / shopping)  

(Link to D.1, D.2, D.3 and D.4) 

• Explain ICT as an umbrella term that 
includes communication devices and 
systems. 

• Explain everyday uses of ICTs in 
terms of a basic home network 
connected to the Internet; (basic 
devices/technology required (modem 
and router, firewall, ISP) and 
connectivity methods  
(Bluetooth, Wi-Fi, cellular, cabled).  

• Describe the Internet of Things (IoT) 
as a network of interconnected 
physical devices or "things" that are 
embedded with sensors, software, and 
other technologies to collect and 
exchange data over the internet or 
other communication networks. 

(Link to D.1, D.2, D.3 and D.4) 

D.5 
Differentiate 
between the 
components of an 
ICT system. 

• Know what an ICT system is (includes 
hardware (including computing 
devices such as modem router), 
software, data, communication 
(connectivity such as Wi-Fi, cellular, 
cabled), networks and people, (e.g. 
users)). 

• Provide an example of a basic ICT 
system. 

(Link to D.1, D.2, D.3 and D.4) 

• Describe an ICT system (basic 
home/school network and 
components) in terms of hardware 
(various computing devices), software 
and data, communication (modem, 
router) connectivity such as Wi-Fi, 
cellular, cabled) – including security 
(firewall), ISP, cloud storage service). 

• Provide common examples of ICT 
systems with basic descriptions 
(education, agriculture, media and 
entertainment) 

(Link to D.1, D.2, D.3 and D.4) 

• Explain an ICT system (includes 
hardware & software (computing 
devices with software such as 
computers, modem, router, firewall), 
data, communication (network and 
Internet), connectivity (Wi-Fi, 
Bluetooth, cellular, cabled) and 
people) (modem, router, firewall), 
peripherals, e.g. printer, ISP)  

• Identify the key components of an IoT 
system including microcontroller 
sensors, actuators, physical objects. 

• Cloud service (storage, software) 
(Link to D.1, D.2, D.3 and D.4) 

D.6 
Explain how the 
adaptation of 
technology 
impacted the 
world we work and 
live in. 

• Understand how technology impacts 
how we manage data and information 
and interact with others. 

• Understand what cloud storage is and 
that it is a service that allows one to 
store one’s files online,  

• Relate the concept of cloud storage to 
a network (internet) 

(Link to D.2, D3, D.4 and D.5).  

• Understand the impact of networks, 
their role in communication, society. 

• Understand what cybercrime is and 
what it includes 
- Steal or alter data  
- Steal personal data/information such 

as passwords  
- Gain unlawful use of computers or 

services or access to networks 
- Create and distribute malware 

• Describe how cybercrime impact on 
the world we live in 

• Understand and describe how 
technology impacts the following: 
- Communication 
- Transportation 
- Education 
- Information and information sources 

(False information/Fake news) 
• Evaluate information and information 

sources 
• Describe the role of the WWW and 

networks in facilitating communication, 
collaboration, and information sharing  

(Link to D.2, D3, D.4 and D.5). 
 

• Understand and explain of how 
technology impacts the following: 
- Interaction with others (global 

connectivity) 
- Communication and collaboration 
- Access to information (including 

False information/Fake news)  
- Entertainment and media 

(movie/audio streams, music 
instruments, games) 

- Education and e-Learning 
- Smart technologies 
- Healthcare 
- Agriculture 
- Transportation 
- Cybersecurity challenges 
- Privacy concerns 

• Understand how the IoT impacts our 
lives and provide examples 

• Evaluate information and information 
sources (including fact checking – link 
to fake news)) 

(Link to D.2, D3, D.4 and D.5). 

D.7 
Present a basic 
understanding of 
the concept of 
input processing 
and output. 

• Understand that input results in a form 
of output through processing – also 
link to IPO table in coding. 

• Understand that different forms of 
input result in different 
actions/outputs. (e.g., use of sensors 
and actuators or user input and 
related output) 

• Distinguish between input through 
instructions that are executed and 
results in action and output as a form 
of communication from the device. 

• Relate the concept of input, 
processing and output to a network. 

• Understand the concept of cloud 
storage. 

(Link to D.3, D.4, D.10, C.2, R.6, R.7) 

• Describe the concept of input that 
results in a form of output because of 
processing using examples. 

• Describe different forms of input and 
output because of processing  

• Identify output as a form of 
communication from the device. 

• Describe the information processing 
cycle regarding a given real-life 
scenario (input, processing, output, 
storage, communication)  

• Describe the concept of cloud storage. 
• Describe the concept of GIGO (that 

the incorrect input will result in 
incorrect output). 

(Link to D.3, D.4, D.10, C.2, R.6, R.7) 

• Explain how different forms of input 
result in different forms of output 
because of processing. 

• Explain input, processing and output 
with regards to microcontrollers. 

• Explain the interaction/relationship 
between input, processing, and output 
(e.g. when coding and using a 
microcontroller with sensors and 
actuators). 

• Differentiate between local and cloud 
storage.  

• Understand that incorrect input results 
in incorrect output (GIGO) 
(Link to D.3, D.4, D.10, C.2, R.6, R.7) 

D.8 
Interpret a pattern 
to represent or 
communicate a 
message or image. 

• Interpret a simple pattern (e.g., 
representations such as morse code, 
binary code, a simple cipher to 
communicate (encode) a message. 

• Interpret an image (e.g. a ‘road sign’ 
or symbolic representations such as 
smileys) 

• Decrypt a message. 
(Link to D.9 and C.1, C.2) 

• Interpret a simple pattern (e.g., 
representations such as morse code, 
binary code, a simple cipher) to 
communicate (encode) a message. 

• Interpret an image (e.g. a ‘road sign’ 
or symbolic representations such as 
smileys) 

• Decrypt a message. 
(Link to D.9 and C.1, C.2) 

• Interpret a simple pattern (e.g., 
representations such as morse code, 
binary code, a simple cipher) to 
communicate (encode) a message. 

• Interpret an image (e.g. a ‘road sign’ 
or symbolic representations such as 
smileys) 

• Decrypt at messages. 
(Link to D.9 and C.1, C.2) 

D.9 
Create a pattern to 
represent or 
communicate a 
message or image. 

• Create a pattern to communicate a 
message (e.g., use a simple cipher to 
encrypt/decrypt and communicate a 
message) or design an image (e.g., 
text or LEDs to communicate a 
message). 

• Use binary code to communicate a 
message. 

• Simulate/display a message/ game 
(e.g., scrolling ’billboard message’ or 
rock, paper, scissors game) on a 
microcontroller (LEDs on grid). 

(Link to D.8, C.1, C.2 R.5, R.6, R.7) 

• Create a pattern to communicate a 
message (e.g., use a simple cipher to 
encrypt/decrypt and communicate a 
message) or design an image (e.g., 
text or LEDs to communicate a 
message). 

• Use binary code to communicate 
message. 

• Simulate/display the message (e.g., 
symbols such as a smiley or heart) on 
a microcontroller (LEDs on grid). 

(Link to D.8, C.1, C.2 R.5, R.6, R.7) 

• Create a pattern to communicate a 
message (e.g., use a simple cipher to 
create (encrypt) and communicate a 
message or design an image (e.g., 
text or LEDs to communicate a 
message) 

• Convert ASCII code to binary to 
communicate a message. 

• Simulate/display a message/ game 
(e.g., scrolling ’billboard message’ or 
rock, paper, scissors game) on a 
microcontroller (LEDs on grid). 

(Link to D.8, C.1, C.2 R.5, R.6, R.7) 
D.10  
Demonstrate a 
basic proficiency 
in the application 
of digital skills.  

• Use a block-based application. 
• Explain and demonstrate file and 

folder management using an 
appropriate folder hierarchy, file 
naming conventions and extensions. 

• Explain the purpose of a file name and 
extension. 

• Save and Open filles from within an 
application as well as following a file 
path. 

• Fluent use of different input and output 
devices to perform tasks and 
functions.  

•  Design a sprite and a backdrop to 
import and use in a block-based 
application, using an application such 
as Paint  
(link to D.9). 

• Design a customised ‘GUI’ and sprites 
for a block-based application. 

(Link to C.2 – C.5 and R.5 – R.7) 

• Use a block-based application.  
• Explain and demonstrate file and 

folder management using an 
appropriate folder hierarchy, file 
naming conventions and extensions. 

• Explain the purpose of a file name and 
extension. 

• Save and Open filles from within an 
application as well as following a file 
path. 

• Fluent use of different input and output 
devices to perform tasks and 
functions.  

• Find suitable images saved on the 
computer to customise and import as 
a sprite or a backdrop for use in a 
block-based application (link to D.9). 

• Introduction to, and elementary use of 
a presentation application such as 
PowerPoint.  

(Link to C.2 – C.5 and R.5 – R.7) 

• Explain and demonstrate the concept 
of working in and navigating an 
application (app) (Link to C.2)  

• Explain and competently demonstrate 
file and older management using an 
appropriate folder hierarchy, file 
naming conventions and extensions. 

• Explain the purpose of a file 
extension. 

• Save and Open filles from within an 
application as well as following a file 
path. 

• Fluent use of different input and output 
devices to perform tasks and 
functions.  

•  Find suitable images on the internet 
to import and customise as a sprite or 
a backdrop to import and use in a 
block-based application. 
(link to D.9). 

• Basic use of a presentation application 
such as PowerPoint. 

(Link to C.2 – C.5 and R.5 – R.7) 

Note 
Linked competencies can be grouped/done together within one lesson/activity where appropriate. 
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2.13 ENVISAGED LEARNER 
The Coding and Robotics learner shows an interest in technology and its application in the world. The learner can 
think logically and critically and is able to solve problems. Furthermore, the learner is creative and innovative as 
well as disciplined, focused, and persistent. The learner can also work well with others to achieve a common goal. 

2.14 ARTICULATION 

 

2.15 CAREER OPPORTUNITIES 
Today, digital technologies are integrated in all aspects of our lives. Digital competencies such as Coding and 
Robotics skills make one more employable and effective in any job and support further studies. 

The growing ubiquity of digital technologies and the developments around the Internet of Things (IoT), automation 
and artificial intelligence (AI) have seen the inclusion of skills such a computational thinking, design thinking, 
software development (coding) and robotics in every sector of employment and entrepreneurship. Therefore, 
Coding and Robotics aims to equip learners with knowledge and skills that will allow them to thrive in any career 
and specifically in careers such as software development, robotics engineering, artificial intelligence, etc. 
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well as disciplined, focused, and persistent. The learner can also work well with others to achieve a common goal. 

2.14 ARTICULATION 
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Today, digital technologies are integrated in all aspects of our lives. Digital competencies such as Coding and 
Robotics skills make one more employable and effective in any job and support further studies. 

The growing ubiquity of digital technologies and the developments around the Internet of Things (IoT), automation 
and artificial intelligence (AI) have seen the inclusion of skills such a computational thinking, design thinking, 
software development (coding) and robotics in every sector of employment and entrepreneurship. Therefore, 
Coding and Robotics aims to equip learners with knowledge and skills that will allow them to thrive in any career 
and specifically in careers such as software development, robotics engineering, artificial intelligence, etc. 
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3 SECTION 3 
CONTENT SPECIFIC CLARIFICATION PER GRADE PER TERM 

The following tables provide the content clarification per term and per grade. 

This section should be read in conjunction with Tables 2-1 to 2-11 and Figures 2-7 to 2-11 

In Senior Phase, the curriculum is designed to also strengthen the specific concepts and content that link to other subjects such as 
Mathematics, Natural Sciences, Technology, Design and Life Skills. 

Content clarification is done with examples as Coding and Robotics is a new subject. 

This section contains examples that clarify the content and competencies. These examples serve as illustrations to better understand 
the topics and the competencies learners are expected to develop. 

However, teachers should see these examples as a starting point for teaching the content and competencies. While the examples are 
beneficial, teachers should not limit themselves to just those activities. They are encouraged to include other exercises and tasks to 
ensure deliberate practise, retrieval practice and a deeper understanding of the concepts and skills being taught. 

The content and competencies are also grouped based on the main topic areas. This organisation helps teachers understand which 
skills and knowledge are related and how they are connected. The content and competencies are therefore not necessarily listed in 
the order they must be taught. Teachers have flexibility in how they sequence the topics based on the context of their teaching 
environment and the needs of their leaners. However, there is an indication of how different competencies relate to each other. This 
linkage could help teachers understand the progression of skills and how they support or build upon one another or could be taught in 
relation with other skills and competencies. 

Teachers should therefore develop their Annual Teaching Plans (ATPs) sequencing content and competencies in a manner that will 
make sense for their learners and their teaching and learning environment to foster a positive learning experience. The goal of 
developing the ATPs is to maximize the learners' learning outcomes, acquisition of competencies and achievement. 

It is also important to note that physical and paper-based activities should not be neglected once learners start to work on a computer, 
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 c
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 b
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 d
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 p
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ra
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e p
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s r
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 m
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e p
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d t

he
 pr

inc
ipa

l w
an

ts 
to 

an
aly

se
 th

es
e t

o s
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ny
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e p
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o b
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e m
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, p
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d n
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e f
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e m
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e m
ain

 su
b-

pr
ob

lem
s t

ha
t y

ou
 ne

ed
 to

 so
lve

 in
 so

lvi
ng

 th
e o

ve
ra

ll p
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t p
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e p
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e t
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o f
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e f
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n f
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ro
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r d
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t c
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d t
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e p
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e d
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 pr
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y p
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 re
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e m
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e d
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to 
sm

all
er

 ta
sk

s) 
or

 in
str

uc
tio

ns
 an

d a
dd

ing
 

mo
re

 de
tai

l 
• 

Te
st

 th
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– f
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r t
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r c
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o c
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f c
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 D
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r c
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t d
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a c
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x o
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e c
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s d
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e c
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e p
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 m
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e b
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a c
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t d
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g p
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o e
na

ble
 co

mp
ar

iso
n 

• 
ba

sic
 st

rin
g (

ch
ar

ac
ter

) o
pe

ra
tor

, e
.g.

 jo
in 

to 
pr

ov
ide

 ou
tpu

t 
C.

3 I
nt

er
pr

et
 an

d 
ex

ec
ut

e a
 g

ive
n 

sy
m

bo
lic

 o
r w

rit
te

n 
se

t o
f c

om
m

an
ds

 
Li

nk
 to

 C
.1,

 C
.2 

an
d 

R.
6 a

nd
 D

.8 
-D

.8 
an

d 
D.

9 
Ex

am
pl

e a
ct

ivi
ty

 – 
Mu

lti
pl

ica
tio

n 
Ga

m
e 

(R
ev

ise
 IF

 w
ith

 F
OR

EV
ER

 lo
op

 an
d c

alc
ula

tio
ns

) 
St

ud
y t

he
 co

de
 on

 th
e r

igh
t 

Ex
pla

in 
wh

at 
the

 pr
og

ra
m 

do
es

 
Ru

n t
he

 pr
og

ra
m 

an
d s

ee
 if 

yo
u p

re
dic

ted
 co

rre
ctl

y 
  

Re
vis

e v
ar

iab
les

 
 Re

vis
e c

on
tro

l s
tru

ctu
re

s d
on

e i
n p

re
vio

us
 gr

ad
es

 
Le

ar
ne

rs 
ne

ed
 to

 ap
ply

 
• 

Se
qu

en
tia

l s
tat

em
en

ts 
(e

xe
cu

tio
n o

f c
od

e l
ine

 by
 lin

e, 
fro

m 
top

 to
 bo

tto
m,

 in
 th

e o
rd

er
 it 

ap
pe

ar
s)

 
• 

Co
nd

itio
na

l s
tat

em
en

ts 
(b

ra
nc

hin
g)

 an
d c

on
dit

ion
s (

all
ow

 
the

 pr
og

ra
m 

to 
ma

ke
 de

cis
ion

s b
as

ed
 on

 sp
ec

ific
 

co
nd

itio
ns

 (t
ru

e o
r f

als
e)

) 
• 

Lo
op

 st
ate

me
nts

 (it
er

ati
on

) (
to 

re
pe

ate
dly

 ex
ec

ute
 a 

blo
ck

 
of 

co
de

 ba
se

d o
n a

 co
ns

tan
t v

alu
e o

r a
 si

mp
le 

co
nd

itio
n)

. 
 

C.
4 D

eb
ug

 a 
gi

ve
n 

sy
m

bo
lic

 o
r w

rit
te

n 
se

t o
f i

ns
tru

ct
io

ns
.  

 
Ex

am
pl

e a
ct

ivi
ty

 – 
Fi

nd
 an

d 
co

rre
ct

 th
e b

ug
 

Th
e p

ro
gr

am
 on

 th
e r

igh
t m

us
t d

isp
lay

 th
e  

 Si
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e p
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o f
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s m
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t c
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f c
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s c
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e o

utp
ut.

 

Re
vis

e. 
nu

me
ric

 op
er

ato
rs 

an
d 

ca
lcu

lat
ion

s d
on

e f
or

 ex
am

ple
 ac

tiv
ity

.

No
te

: 
En

su
re

 le
ar

ne
r u

nd
er

sta
nd

 va
ria

ble
s c

or
re

ctl
y a

s m
an

y l
ea

rn
er

s t
en

d t
o s

tru
gg

le 
wi

th 
the

 co
nc

ep
t o

f a
 

va
ria

ble
 an

d t
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d t
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s l
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r p
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e b
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e m
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y b
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tte
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 to

 C
.2 

Ex
am

pl
e A

ct
ivi

ty
 1 

– S
ol

ve
 a 

pr
ob

lem
 in

 p
air

s 
Th

e s
tat

ion
er

y s
ho

p a
t s

ch
oo

l is
 m

ar
ke

tin
g a

 sp
ec

ific
 pr

od
uc

t a
nd

 e
nc

ou
ra

ge
s l

ea
rn

er
s t

o w
rite

 a 
re

vie
w 

on
 th

e p
ro

du
ct 

an
d s

en
d t

he
ir r

ev
iew

 vi
a e

ma
il. 

Th
e s

ch
oo

l 
ha

s r
ec

eiv
ed

 m
an

y e
ma

ils
 co

nta
ini

ng
 re

vie
ws

 on
 th

e p
ro

du
ct 

an
d t

he
 pr

inc
ipa

l w
an

ts 
to 

an
aly

se
 th

es
e t

o s
ee

 ho
w 

ma
ny

 le
ar

ne
rs 

se
em

 to
 be

 ha
pp

y w
ith

 th
e p

ro
du

ct 
an

d w
he

the
r t

he
y n

ee
d h

elp
. T

o b
e a

ble
 to

 do
 so

, y
ou

 ne
ed

 to
 de

ter
mi

ne
 ho

w 
ma

ny
 tim

es
 th

e w
or

d ‘
ha

pp
y’ 

or
 an

y s
yn

on
ym

/w
or

d t
ha

t in
dic

ate
s l

ea
rn

er
 sa

tis
fac

tio
n 

oc
cu

rs 
in 

all
 th

e m
ail

s. 
Th

e s
yn

on
ym

s t
ha

t y
ou

 w
ill 

be
 lo

ok
ing

 fo
r a

re
 ex

ce
lle

nt,
 sa

tis
fie

d, 
go

od
, p

lea
se

d, 
de

lig
hte

d, 
su

pe
rb

, g
re

at,
 an

d n
ice

. 
To

 be
 ab

le 
to 

fin
d a

 so
lut

ion
, th

e f
oll

ow
ing

 qu
es

tio
ns

 w
ill 

he
lp:

 
• 

W
ha

t a
re

 th
e m

ain
 as

pe
cts

 to
 fo

cu
s o

n?
 

• 
W

ha
t a

re
 th

e m
ain

 su
b-

pr
ob

lem
s t

ha
t y

ou
 ne

ed
 to

 so
lve

 in
 so

lvi
ng

 th
e o

ve
ra

ll p
ro

ble
m?

 
• 

W
ha

t p
att

er
ns

 ca
n y

ou
 se

e i
n t

he
 so

lut
ion

, i.
e.,

 w
ha

t s
tep

s/p
ro

ce
ss

es
 ne

ed
 to

 be
 re

pe
ate

d?
 C

an
 th

e p
att

er
ns

 be
 ge

ne
ra

lis
ed

? 
• 

W
ha

t is
 th

e a
lgo

rith
m 

tha
t y

ou
 w

ou
ld 

us
e t

o s
olv

e t
his

 pr
ob

lem
? 

Yo
u s

ho
uld

 on
ly 

foc
us

 on
 th

e g
en

er
al 

pr
ob

lem
 of

 co
un

tin
g t

he
 nu

mb
er

 of
 o

cc
ur

re
nc

es
 of

 th
e w

or
d a

nd
 its

 sy
no

ny
ms

 in
 a 

sta
ck

 of
 pr

int
ed

 em
ail

 do
cu

me
nts

.  
In 

pa
irs

, w
or

k t
hr

ou
gh

 th
e f

oll
ow

ing
 st

ep
s (

the
 dr

ive
r s

im
ula

tin
g/a

cti
ng

 ou
t th

e s
tep

s a
nd

 th
e n

av
iga

tor
 in

str
uc

tin
g t

he
 dr

ive
r o

n w
hic

h s
tep

s t
o f

oll
ow

 a
nd

 ch
ec

kin
g i

f 
the

 co
rre

ct 
ste

ps
 ar

e f
oll

ow
ed

) a
nd

 te
st 

the
m 

to 
se

e i
f th

ey
 w

ill 
so

lve
 th

e p
ro

ble
m.

 If
 no

t, c
ha

ng
e t

he
m 

to 
so

lve
 th

e p
ro

ble
m.

 T
he

 ta
ble

 be
low

 w
ill 

pr
ov

ide
 a 

gu
ide

 on
 

the
 st

ep
s y

ou
 ca

n f
oll

ow
 to

 so
lve

 th
e g

ive
n p

ro
ble

m:
 

 

Re
mi

nd
 le

ar
ne

r a
bo

ut 
the

 gu
ide

lin
es

 fo
r d

ev
elo

pin
g a

n 
alg

or
ith

m 
• 

Un
de

rst
an

d t
he

 p
ro

bl
em

 
o 

Re
ad

 th
e p

ro
ble

m 
sta

tem
en

t c
ar

efu
lly

 to
 un

de
rst

an
d 

wh
at 

the
 pr

ob
lem

 is
 th

at 
yo

u n
ee

d t
o s

olv
e 

• 
An

aly
se

 th
e p

ro
bl

em
 

o 
W

ha
t s

ho
uld

 th
e o

utp
ut 

(re
su

lt) 
be

? 
o 

W
ha

t a
re

 th
e i

np
uts

 ne
ed

ed
 to

 pr
od

uc
e t

he
 ou

tpu
t?

 
o 

W
ha

t p
ro

ce
ss

ing
 (if

 an
y) 

ne
ed

s t
o b

e d
on

e t
o g

et 
to 

the
 ou

tpu
t? 

o 
Ca

n t
he

 pr
ob

lem
 be

 br
ok

en
 do

wn
 in

to 
sm

all
er

 
pr

ob
lem

s?
 (D

ec
om

po
sit

ion
) 

o 
Ar

e t
he

re
 an

y p
att

er
ns

? (
Pa

tte
rn

 re
co

gn
itio

n)
 

• 
De

ve
lop

 a 
hi

gh
-le

ve
l a

lg
or

ith
m

  
o 

De
ter

mi
ne

 th
e m

ain
 st

ep
s, 

ign
or

ing
 th

e d
eta

il  
• 

Re
fin

e t
he

 al
go

rith
m 

by
 de

co
mp

os
ing

 st
ep

s (
br

ea
kin

g 
ste

ps
 do

wn
 in

to 
sm

all
er

 ta
sk

s) 
or

 in
str

uc
tio

ns
 an

d a
dd

ing
 

mo
re

 de
tai

l 
• 

Te
st

 th
e a

lgo
rith

m 
– f

oll
ow

 th
e i

ns
tru

cti
on

s t
o s

ee
 if 

it 
de

liv
er

s t
he

 de
sir

ed
 ou

tpu
t 

Do
es

 th
e s

olu
tio

n o
r o

utp
ut 

ma
ke

 se
ns

e?
 

Is 
the

 se
qu

en
ce

 lo
gic

al?
 

Is 
the

 al
go

rith
m 

eff
ici

en
t?

 
Ar

e a
ll p

ar
ts 

of 
the

 pr
ob

lem
 or

 ta
sk

 co
ve

re
d?

 
Ar

e s
om

e i
ns

tru
cti

on
s o

r t
as

ks
 re

pe
ate

d u
nn

ec
es

sa
rily

? 
• 

Ev
alu

ate
 th

e a
lgo

rith
m 

an
d u

pd
at

e o
r c

or
re

ct 
(d

eb
ug

) t
he

 
alg

or
ith

m 
if n

ec
es

sa
ry.

 
• 

Tr
an

sla
te 

the
 al

go
rith

m 
int

o c
od

e.
 

Co
nt

en
t (

Gr
ad

e 7
 / T

er
m

 1)
 

No
te

s/E
xa

m
pl

es
 

C.
2 P

re
se

nt
 a 

sim
pl

e c
od

in
g 

so
lu

tio
n 

us
in

g 
sy

m
bo

lic
 o

r w
rit

te
n 

st
at

em
en

ts
 re

pr
es

en
tin

g 
se

qu
en

ce
s o

f c
om

m
an

ds
, s

in
gl

e r
ep

et
iti

on
, a

nd
 co

nd
iti

on
al 

co
ns

tru
ct

s. 
Li

nk
 to

 D
.10

 an
d 

D.
1 

(S
ta

rt 
wi

th
 D

10
 b

ef
or

e d
oi

ng
 C

.2)
 

Ex
am

pl
e a

ct
ivi

ty
 1 

– D
ivi

sio
n 

an
d 

re
m

ain
de

r c
alc

ul
at

or
 

Sf
iso

 bo
ug

ht 
a b

ox
 of

 ap
ple

s a
nd

 m
us

t d
ivi

de
 th

e a
pp

les
 be

tw
ee

n t
he

 le
ar

ne
rs 

in 
a c

las
s. 

W
rite

 a 
blo

ck
-b

as
ed

 pr
og

ra
m 

tha
t w

ill 
he

lp 
him

 to
 di

vid
e t

he
 bo

x o
f a

pp
les

 fa
irly

 be
tw

ee
n h

is 
cla

ss
ma

tes
 by

 do
ing

 th
e 

fol
low

ing
:  

De
ter

mi
ne

 ho
w 

ma
ny

 ap
ple

s e
ac

h l
ea

rn
er

 in
 th

e c
las

s w
ill 

re
ce

ive
 if 

a b
ox

 of
 ap

ple
s i

s d
ivi

de
d b

etw
ee

n t
he

 le
ar

ne
rs 

in 
the

 cl
as

s a
nd

 ho
w 

ma
ny

 ap
ple

s w
ill 

re
ma

in 
(e

nfo
rce

 th
e c

on
ce

pts
 of

 di
vis

ion
 an

d r
em

ain
de

r (
mo

d)
. 

• 
Th

e p
ro

gr
am

 m
us

t in
pu

t th
e n

um
be

r o
f a

pp
les

 in
 th

e b
ox

 an
d t

he
 nu

mb
er

 of
 le

ar
ne

rs 
in 

a c
las

s. 
• 

Th
e p

ro
gr

am
 m

us
t d

isp
lay

 ho
w 

ma
ny

 ap
ple

s e
ac

h l
ea

rn
er

 w
ill 

ge
t a

nd
 th

e n
um

be
r o

f a
pp

les
 th

at 
wi

ll b
e l

eft
 in

 th
e b

ox
. 

Re
vis

e i
np

ut,
 pr

oc
es

sin
g a

nd
 ou

tpu
t in

 co
din

g 
Re

vis
e c

od
ing

 co
nc

ep
ts 

fro
m 

pr
ev

iou
s g

ra
de

s t
o m

atc
h 

ac
tiv

itie
s g

ive
n. 

Le
ar

ne
rs 

ne
ed

 to
 ap

ply
  

• 
nu

me
ric

 op
er

ato
rs 

in 
wr

itin
g p

ro
gr

am
s w

ith
 va

rio
us

 
ca

lcu
lat

ion
s 

• 
re

lat
ion

al 
an

d B
oo

lea
n o

pe
ra

tor
s t

o e
na

ble
 co

mp
ar

iso
n 

• 
ba

sic
 st

rin
g (

ch
ar

ac
ter

) o
pe

ra
tor

, e
.g.

 jo
in 

to 
pr

ov
ide

 ou
tpu

t 
C.

3 I
nt

er
pr

et
 an

d 
ex

ec
ut

e a
 g

ive
n 

sy
m

bo
lic

 o
r w

rit
te

n 
se

t o
f c

om
m

an
ds

 
Li

nk
 to

 C
.1,

 C
.2 

an
d 

R.
6 a

nd
 D

.8 
-D

.8 
an

d 
D.

9 
Ex

am
pl

e a
ct

ivi
ty

 – 
Mu

lti
pl

ica
tio

n 
Ga

m
e 

(R
ev

ise
 IF

 w
ith

 F
OR

EV
ER

 lo
op

 an
d c

alc
ula

tio
ns

) 
St

ud
y t

he
 co

de
 on

 th
e r

igh
t 

Ex
pla

in 
wh

at 
the

 pr
og

ra
m 

do
es

 
Ru

n t
he

 pr
og

ra
m 

an
d s

ee
 if 

yo
u p

re
dic

ted
 co

rre
ctl

y 
  

Re
vis

e v
ar

iab
les

 
 Re

vis
e c

on
tro

l s
tru

ctu
re

s d
on

e i
n p

re
vio

us
 gr

ad
es

 
Le

ar
ne

rs 
ne

ed
 to

 ap
ply

 
• 

Se
qu

en
tia

l s
tat

em
en

ts 
(e

xe
cu

tio
n o

f c
od

e l
ine

 by
 lin

e, 
fro

m 
top

 to
 bo

tto
m,

 in
 th

e o
rd

er
 it 

ap
pe

ar
s)

 
• 

Co
nd

itio
na

l s
tat

em
en

ts 
(b

ra
nc

hin
g)

 an
d c

on
dit

ion
s (

all
ow

 
the

 pr
og

ra
m 

to 
ma

ke
 de

cis
ion

s b
as

ed
 on

 sp
ec

ific
 

co
nd

itio
ns

 (t
ru

e o
r f

als
e)

) 
• 

Lo
op

 st
ate

me
nts

 (it
er

ati
on

) (
to 

re
pe

ate
dly

 ex
ec

ute
 a 

blo
ck

 
of 

co
de

 ba
se

d o
n a

 co
ns

tan
t v

alu
e o

r a
 si

mp
le 

co
nd

itio
n)

. 
 

C.
4 D

eb
ug

 a 
gi

ve
n 

sy
m

bo
lic

 o
r w

rit
te

n 
se

t o
f i

ns
tru

ct
io

ns
.  

 
Ex

am
pl

e a
ct

ivi
ty

 – 
Fi

nd
 an

d 
co

rre
ct

 th
e b

ug
 

Th
e p

ro
gr

am
 on

 th
e r

igh
t m

us
t d

isp
lay

 th
e  

 Si
m

pl
e t

ra
ce

 ta
bl

e f
or

 th
e p

ro
bl

em
 

firs
t fi

ve
 na

tur
al 

nu
mb

er
s (

1 –
 5)

.  
Ho

we
ve

r, 
it d

oe
s n

ot 
wo

rk 
co

rre
ctl

y. 
 

W
or

k t
hr

ou
gh

 th
e p

ro
gr

am
 (u

se
 a 

tra
ce

 ta
ble

) t
o f

ind
 an

d 
co

rre
ct 

the
 er

ro
r.  

 

No
te

: 
Th

er
e i

s m
or

e t
ha

n o
ne

 w
ay

 to
 co

rre
ct 

the
 co

de
, e

.g.
  

se
t iN

um
be

r t
o 1

 or
 

sw
op

 th
e t

wo
 st

ate
me

nts
 w

ith
in 

the
 lo

op
 (f

irs
t c

ha
ng

e 
iN

um
be

r t
he

n s
ay

 iN
um

be
r 

Di
sc

us
s b

oth
 w

ay
s o

f c
or

re
cti

ng
 w

ith
 le

ar
ne

rs.
 It 

is 
im

po
rta

nt 
tha

t le
ar

ne
rs 

un
de

rst
an

d w
hy

 bo
th 

co
rre

cti
on

s c
an

 w
or

k. 
Sh

ow
 le

ar
ne

rs 
ho

w 
to 

do
 a 

sim
ple

 tr
ac

e t
ab

le 
to 

tra
ce

 co
de

 to
 

de
ter

mi
ne

 th
e o

utp
ut.

 

Re
vis

e. 
nu

me
ric

 op
er

ato
rs 

an
d 

ca
lcu

lat
ion

s d
on

e f
or

 ex
am

ple
 ac

tiv
ity

.

No
te

: 
En

su
re

 le
ar

ne
r u

nd
er

sta
nd

 va
ria

ble
s c

or
re

ctl
y a

s m
an

y l
ea

rn
er

s t
en

d t
o s

tru
gg

le 
wi

th 
the

 co
nc

ep
t o

f a
 

va
ria

ble
 an

d t
en

d t
o f

or
m 

mi
sc

on
ce

pti
on

s a
bo

ut 
va

ria
ble

s. 
If l

ea
rn

er
s g

ain
 m

isc
on

ce
pti

on
s a

bo
ut 

va
ria

ble
s, 

it i
s l

ike
ly 

tha
t th

ey
 w

ill 
als

o s
tru

gg
le 

to 
ma

ste
r o

the
r p

ro
gr

am
mi

ng
 co

nc
ep

ts 
lik

e b
ra

nc
hin

g o
r r

ep
ea

tin
g 

(Z
an

ko
 et

 al
, 2

01
9)

. S
om

e m
isc

on
ce

pti
on

s i
nc

lud
e, 

e.g
.: 

• 
As

sig
nm

en
t (

se
t…

to
 (a

ns
we

r o
r o

th
er

 va
lue

)),
 e.

g. 

Le
ar

ne
rs 

ma
y b

eli
ef 

tha
t iN

um
be

r w
ill 

co
nta

in 
the

 fir
st 

as
sig

ne
d v

alu
e (

10
) 

Or
 m

ay
be

 th
e s

um
 of

 th
e t

wo
 va

lue
s (

15
) 

• 
Ou

tp
ut

 (e
.g.

, s
ay

…
): 

Le
ar

ne
rs 

ma
y b

eli
ev

e t
ha

t th
e v

ar
iab

le 
na

me
 ra

the
r th

an
 its

 va
lue

 w
ill 

be
 ou

tpu
tte

d 
(sa

y…
) 
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Co
nt

en
t (

Gr
ad

e 7
 / T

er
m

 1)
 

No
te

s/E
xa

m
pl

es
 

C.
5 E

va
lu

at
e a

 g
ive

n 
so

lu
tio

n 
to

wa
rd

s p
ot

en
tia

l im
pr

ov
em

en
t. 

 
Ex

am
pl

e a
ct

ivi
ty

  
Di

sc
us

s t
he

 tw
o w

ay
s o

f c
or

re
cti

ng
 th

e p
ro

gr
am

 in
 C

.4 
(d

isp
lay

 th
e f

irs
t 5

 na
tur

al 
nu

mb
er

s).
 

Ev
alu

ate
 bo

th 
wa

ys
 of

 co
rre

cti
ng

. Is
 on

e w
ay

 of
 co

rre
cti

ng
 be

tte
r t

ha
n t

he
 o

the
r?

 

Ev
alu

ate
 di

ffe
re

nt 
wa

ys
 of

 ac
hie

vin
g a

n o
utc

om
e.

 

C.
6 R

ec
og

ni
se

 an
d 

in
te

rp
re

t p
at

te
rn

s i
n 

sy
m

bo
lic

 se
ts

 o
f d

at
a o

r v
isu

ali
sa

tio
ns

. 
Li

nk
 to

 C
.1,

 C
.2,

 C
.3 

an
d 

D.
8, 

D.
9 

Ex
am

pl
e a

ct
ivi

ty
  

Yo
u h

av
e d

on
e t

he
 al

go
rith

m 
for

 a 
sq

ua
re

 (4
 co

rn
er

s, 
4 s

ide
s) 

an
d a

 tr
ian

gle
 (3

 co
rn

er
s, 

3 s
ide

s) 
in 

pr
ev

iou
s g

ra
de

s. 
No

w 
loo

k a
t o

the
r g

eo
me

tric
al 

fig
ur

es
: p

en
tag

on
, h

ex
ag

on
, h

ep
tag

on
 an

d o
cta

go
n. 

Co
uld

 th
er

e b
e a

 pa
tte

rn
 th

at 
ind

ica
tes

 a 
re

lat
ion

sh
ip 

be
tw

ee
n a

ll t
he

se
 fig

ur
es

?  
Co

mp
let

e t
he

 fo
llo

wi
ng

 ta
ble

 to
 de

ter
mi

ne
 a 

po
ss

ibl
e r

ela
tio

ns
hip

 
Fi

gu
re

 
Sq

ua
re

 
Pe

nt
ag

on
 

He
xa

go
n 

He
pt

ag
on

 
Oc

ta
go

n 
 

 

 
 

 
 

 
Nu

m
be

r o
f s

id
es

 
4 

5 
6 

7 
8 

Nu
m

be
r o

f a
ng

les
 

4 
5 

6 
7 

8 
Si

ze
 o

f i
nt

er
io

r a
ng

le 
90

° 
72

° 
60

° 
51

,4°
 

45
° 

Su
m

 o
f i

nt
er

io
r a

ng
les

 
36

0°
 

36
0°

 
36

0°
 

36
0°

 
36

0°
 

An
sw

er
 th

e f
oll

ow
ing

 qu
es

tio
ns

: 
1. 

W
ha

t d
o y

ou
 no

tic
e a

bo
ut 

the
 fo

rm
 of

 th
e s

ha
pe

s w
he

n t
he

 nu
mb

er
 of

 si
de

s i
nc

re
as

es
? 

2. 
W

ha
t h

ap
pe

ns
 w

ith
 th

e s
ize

 of
 th

e i
nte

rio
r a

ng
les

 w
he
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ir i

s n
ot 

co
mp

ati
ble

.  
If t

he
 pa

ir i
s n

ot 
co

mp
ati

ble
, th

e l
ea

rn
er

s p
lay

 th
e g

am
e w

ith
 ot

he
r le

ar
ne

rs 
to 

fin
d a

 pe
er

 th
at 

wi
ll b

e c
om

pa
tib

le 
to 

wo
rk 

wi
th,

 ac
co

rd
ing

 to
 th

e c
om

pa
tib

le 
gr

ou
p 

ca
lcu

lat
or

. 

Co
de

 th
e m

icr
oc

on
tro

lle
r t

o a
ch

iev
e a
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ec

ific
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tco
me
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Di
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ta
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on
ce

pt
s 
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ec

og
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se
 th

at
 h

e o
r s

he
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 liv
in
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tiz

en
s i
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a d
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l w
or

ld
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 to
 D
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Le
ar

ne
rs 

pr
es

en
t a

n u
nd

er
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nd
ing
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at 
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git
al 

wo
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 al
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un
d u
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nti
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al 
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ing
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l re
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en
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e d
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l c
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t o
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pl
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pl
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n d
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r o
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d o
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o c
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 re
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y) 
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an
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f t
he
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ep
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e.
 

Li
nk

 to
 D

.1,
 D

.5,
 D
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Ex
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o c

om
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 D
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an
d D
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co
nn

ec
ts 
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e i
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et 
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g d
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r t
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n d
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s c
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he
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wo

rld
 of

 th
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et.
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 D

,5 
an

d D
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e c
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 D
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re
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ay
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ay
 co
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d 
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d 
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el 
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e p
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e l
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er

s i
nto
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 an

d p
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ng
 ex
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T.
 

Ex
am
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f I
CT
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 a 
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 m
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lk 
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the

m.
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nc
e t
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in 
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u c
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o c
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ou
r f
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 a 
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d m
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r c
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pu
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rt 
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T 
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rn
et

 C
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ne
ct
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n:
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u n
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d t
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e c
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d t
o t
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ter
ne
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ne
t a
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u t

o s
en

d a
nd

 re
ce
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uic
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clu
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g v

ide
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nd
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n 
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ou
 us
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 ap
pli
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n (
ap
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r v
ide

o c
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 ap
ps
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e d
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le 
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 an

d a
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tio

n o
ve

r t
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ne
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 an
d y

ou
r f

rie
nd

 ne
ed

 to
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e o
f th

e s
am

e a
pp

. 
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in
g 
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e C
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 th

e a
pp
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nta
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 an
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t th

e v
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o c
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. T
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 ap
p u

se
s y

ou
r d

ev
ice
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ca

me
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 ca

ptu
re

 yo
ur

 vi
de

o a
nd
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ph

on
e t

o c
ap

tur
e y

ou
r v

oic
e 

Tr
an
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io
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he

 ap
p c

on
ve
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 yo

ur
 vi

de
o a
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to 
dig

ita
l d
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ina
ry)

 an
d s

en
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e d
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 ov
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 th

e i
nte
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et 
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ur
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d's
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Re

ce
ivi
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e C
all
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ou

r f
rie

nd
's 

ap
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ec
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 th

e d
ata

, d
ec

od
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 an

d d
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ou
r v

ide
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n t
he

ir s
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en
. S

im
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rly
, th
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 ca

n t
alk

, a
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ice
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ts 

se
nt 
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 to
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u.
 

Re
al-

Ti
m

e I
nt

er
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n:

 N
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u a

nd
 yo

ur
 fr

ien
d c

an
 se

e a
nd

 he
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 ea
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 ot
he
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al 
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t a

s i
f y

ou
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 th

e s
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e r
oo
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 ca

n c
ha

t, s
ha

re
 st

or
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, 
an

d e
ve

n s
ho

w 
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ch
 ot

he
r t

hin
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ing
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ur
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s 

Ea
ch

 gr
ou

p d
isc
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se

s t
he

 ex
am

ple
 an

d c
om

e u
p w
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eir
 ow

n e
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mp
le 

of 
IC
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 th

en
 re

po
rt 

ba
ck

 on
 th

eir
 e
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mp

le.
  

Th
e e

xa
mp

le 
mu

st 
sh

ow
, li

ke
 th

e o
ne

 ab
ov

e h
ow

 IC
T 

co
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ine
s i

nfo
rm

ati
on

 pr
oc

es
sin

g (
us

ing
 th

e a
pp

 an
d d

ev
ice

s) 
wi

th 
co

mm
un

ica
tio

n (
ne

tw
or

k, 
vid

eo
 an

d a
ud

io)
 

to 
br

idg
e t

he
 di
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nc

e g
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 be
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n, 

e.g
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eo
ple

.  
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 w

ith
 D
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.2 
an

d D
.6 
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 w

ell
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 D
.3 

an
d D
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ne
rs 

ne
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de
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an
d: 

 
• 

W
ha
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 is

 an
d t

he
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rp
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e o
f IT

 
• 

W
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T 

is 
an
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e o
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T 
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mp
on

en
ts 

of 
an
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T 

sy
ste

m
 

• 
Pr

ov
ide

 ex
am

ple
 of

 bo
th 

IT
 an

d I
CT

 
W

hil
e I

T 
foc

us
es

 on
 th

e t
ec

hn
ica

l a
sp

ec
ts 

of 
tec

hn
olo

gy
, IC

T 
loo

ks
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 ho
w 

tec
hn

olo
gy

 ca
n b

e u
se

d f
or

 bo
th 

inf
or

ma
tio

n 
pr

oc
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g a

nd
 co

mm
un

ica
tio
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e c
an

 th
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 IT
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 th

e f
iel

d t
ha

t d
ea

ls 
wi

th 
all

 th
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s 
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lat
ed

 to
 co

mp
ute

rs 
an

d t
ec

hn
olo

gy
, w

hil
e I

CT
 ex

pa
nd

s t
ha

t 
to 
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lud

e t
ec

hn
olo

gy
's 
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le 
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mm
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ica
tio

n a
s w

ell
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T 
is 

a m
or

e c
om

pr
eh

en
siv

e t
er

m 
tha

t g
oe

s b
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on
d j

us
t 

inf
or

ma
tio

n p
ro

ce
ss

ing
 an

d i
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lud
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 co
mm

un
ica

tio
n a
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ec

ts.
 

W
hil

e I
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clu

de
s e

ve
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nd
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mp
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s 
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e o
f te

ch
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log
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n p
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e c
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e a
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 ex
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nd

 fr
om
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e p
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de
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rs 
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T 
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an
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ell

a t
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m 
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de
s c

om
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on
 de
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 an
d s
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vic
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ec
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-o
f-s

ale
s (
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llu
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ne

tw
or
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llp
ho

ne
 ne
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k u
sin

g t
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er
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nd
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f-s
ale

s (
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de

 re
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er
s, 
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e t

he
 co
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t o
f c
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ter
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t o
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 to
ol.

 
In 

mo
de
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, c
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tin
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g d
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e d
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r t
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ute
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o m
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s c
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t o
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s d
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o c
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g d
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f d
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a f
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e r
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r t
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a c
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g d
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r c
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e c
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ter
) 

Co
nt

en
t (

Gr
ad

e 7
 / T

er
m

 2)
 

No
te

s/E
xa

m
pl

es
 

• 
Co

nn
ec

tin
g m

or
e t

ha
n o

ne
 co

mp
ute

r t
o t

he
 In

ter
ne

t a
lso

 re
qu

ire
s a

 ro
ute

r, 
e.g

. W
i-F

i ro
ute

r /
 m

od
em

-ro
ute

r 
• 

De
vic

es
 co

nn
ec

t to
 m

od
em

-ro
ute

r v
ia 

wi
re

d (
ca

ble
s) 

or
 w

ire
les

s (
W

i-F
i, c

ell
ula

r) 
Mo

de
ms

 an
d r

ou
ter

s a
re

 co
mp

uti
ng

 de
vic

es
 th

at 
all

ow
 co

mp
ute

rs 
to 

co
nn

ec
t to

 th
e i

nte
rn

et 
to 

co
mm

un
ica

te 
wi

th 
oth

er
 

co
mp

ute
rs 

wo
rld

wi
de

. 
htt

ps
://y

ou
tu.

be
/m

YX
uC

ea
wh

m8
  

Mo
de

m
 – 

a c
om

pu
tin

g d
ev

ice
 th

at 
all

ow
s o

the
r c

om
pu

tin
g 

de
vic

es
 ac

ce
ss

 to
 th

e i
nte

rn
et 

us
ing

 ca
ble

s, 
e.g

. fi
br

e (
wi

re
d 

co
nn

ec
tio

n)
 

 Ro
ut

er
 – 

a c
om

pu
tin

g d
ev

ice
 th

at 
all

ow
s m

ult
ipl

e c
om

pu
ter

s 
to 

co
nn

ec
t to

 th
e s

am
e n

etw
or

k a
nd

 ro
ute

s t
he

 da
ta 

be
tw

ee
n 

the
 de

vic
es

 
 Ro

ut
er

s g
en

er
all

y a
lso

 in
clu

de
s m

od
em

s, 
wh

ich
 m

ea
ns

 th
e 

co
mp

ute
rs 

co
nn

ec
ted

 to
 th

e r
ou

ter
 ca

n a
lso

 ac
ce

ss
 th

e 
int

er
ne

t. 

D.
7 P

re
se

nt
 a 

ba
sic

 u
nd

er
st

an
di

ng
 o

f t
he

 co
nc

ep
t o

f i
np

ut
 p

ro
ce

ss
in

g 
an

d 
ou

tp
ut

. 
Li

nk
 to

 C
.2-

 C
.5 

an
d 

D.
10

 
Ex

am
pl

e a
ct

ivi
ty

 – 
Ne

tw
or

ks
 an

d 
co

m
m

un
ica

tio
n 

Ex
pla

in 
wh

at 
a n

etw
or

k i
s (

co
uld

 us
e a

n a
na

log
y s

uc
h a

s r
oa

ds
 w

ith
 ca

rs 
co

nn
ec

tin
g h

om
es

), 
the

 im
po

rta
nc

e o
f n

etw
or

ks
 su

ch
 as

 th
e i

nte
rn

et,
 so

cia
l m

ed
ia 

an
d 

co
mm

un
ica

tio
n 

Le
ar

ne
rs 

mu
st 

• 
Di

sti
ng

uis
h b

etw
ee

n i
np

ut 
thr

ou
gh

 in
str

uc
tio

ns
 th

at 
ar

e 
ex

ec
ute

d a
nd

 re
su

lts
 in

 ac
tio

n a
nd

 ou
tpu

t a
s a

 fo
rm

 of
 

co
mm

un
ica

tio
n f

ro
m 

the
 de

vic
e. 

• 
Su

gg
es

t a
pp

ro
pr

iat
e i

np
ut,

 ou
tpu

t a
nd

 co
mm

un
ica

tio
n 

de
vic

es
 fo

r d
iffe

re
nt 

ap
pli

ca
tio

ns
, b

as
ed

 on
 th

eir
 

sp
ec

ific
ati

on
s a

nd
 fe

atu
re

s. 
• 

Un
de

rst
an

d t
he

 co
nc

ep
t o

f s
ha

rin
g d

ata
 us

ing
 a 

ne
tw

or
k. 

• 
Ide

nti
fy 

co
nn

ec
tiv

ity
 in

 de
vic

es
 (B

lue
too

th,
 W

i-F
i, c

ell
ula

r, 
wi

re
 (c

ab
les

)).
 

D.
8 I

nt
er

pr
et

 a 
pa

tte
rn

 to
 re

pr
es

en
t o

r c
om

m
un

ica
te

 a 
m

es
sa

ge
 o

r i
m

ag
e 

Li
nk

 to
 C

.1,
 D

.2 
an

d 
R.

5 –
 R

.7 
W

e u
se

 th
e d

ec
im

al 
nu

mb
er

 sy
ste

m 
tha

t c
an

 be
 de

sc
rib

ed
 as

 on
es

, te
ns

, h
un

dr
ed

s, 
tho

us
an

ds
, e

tc.
 an

d w
hic

h c
an

 be
 re

pr
es

en
ted

 a
s f

oll
ow

s: 
On

e 
Te

ns
 

Hu
nd

re
ds

 
Th

ou
sa

nd
s 

Te
n 

th
ou

sa
nd

 
Hu

nd
re

d 
th

ou
sa

nd
 

1 
10

 
10

0 
10

00
 

10
00

0 
10

00
00

 
1 

10
 x 

1 
10

 x 
10

 
10

 x 
10

 x 
10

 
10

 x 
10

 x 
10

 x 
10

 
10

 x 
10

 x 
10

 x 
10

 x 
10

 
10

0  
10

1  
10

2  
10

3  
10

4  
10

5  
 Th

e n
um

be
r 4

56
7 c

an
 be

 w
ritt

en
 as

 40
00

 +
 50

0 +
 60

 +
 7 

wh
ich

 ca
n b

e r
ep

re
se

nte
d a

s 4
x1

03 
+ 

5x
10

2  +
 6x

10
1 +

 7x
10

0  
Th

e d
ec

im
al 

nu
mb

er
 sy

ste
m 

wo
rks

 in
 gr

ou
ps

 of
 10

 
Int

ro
du

cti
on

 to
 bi

na
ry 

nu
mb

er
s. 

 
Bi

na
ry 

is 
a c

od
ing

 sy
ste

m 
us

ing
 th

e b
ina

ry 
dig

its
 0 

an
d 1

 to
 re

pr
es

en
t a

 le
tte

r, 
dig

it, 
or

 ot
he

r c
ha

ra
cte

r in
 a 

co
mp

ute
r o

r o
the

r e
lec

tro
nic

 de
vic

e. 
Ex

pla
in 

tha
t a

ll d
ata

 (t
ex

t, m
us

ic,
 an

d i
ma

ge
s) 

ar
e r

ep
re

se
nte

d u
sin

g o
nly

 tw
o d

igi
ts:

 0 
an

d 1
. 

 Ex
am

pl
e a

ct
ivi

ty
 1:

 U
se

 ca
rd

s t
o i

ntr
od

uc
e t

he
 bi

na
ry 

sy
ste

m.
 

Th
e d

ec
im

al 
nu

mb
er

 sy
ste

m 
wo

rks
 in

 gr
ou

ps
 of

 10
s, 

bu
t th

e b
ina

ry 
nu

mb
er

 sy
ste

m 
wo

rks
 in

 gr
ou

ps
 of

 2s
 

W
ith

 th
e d

ec
im

al 
sy

ste
m 

on
e u

se
s: 

ten
 sy

mb
ols

 (0
, 1

, 2
, 3

, 4
, 5

, 6
, 7

, 8
, 9

), 
bu

t w
ith

 th
e b

ina
ry 

sy
ste

m 
on

e o
nly

 us
es

 tw
o s

ym
bo

ls,
 0 

an
d 1

 

 
Lin

k t
o s

qu
ar

es
/po

we
r o

f d
ec

im
al 

nu
mb

er
s: 

20 , 
21 , 

22,  2
3 , 

24 , 
25  

Int
ro

du
ce

 th
e 

bin
ar

y n
um

be
r s

ys
tem

 (l
ink

 to
 d

ec
im

al 
nu

mb
er

 
sy

ste
m)

 
Le

ar
ne

rs 
ne

ed
 to

 be
 ab

le 
to 

 
• 

Kn
ow

 w
ha

t th
e b

ina
ry 

nu
mb

er
 sy

ste
m 

is 
• 

Kn
ow

 w
ha

t th
e b

ina
ry 

nu
mb

er
 sy

ste
m 

is 
us

ed
 fo

r 
• 

do
 si

mp
le 

co
nv

er
sio

ns
 be

tw
ee

n d
ec

im
al 

nu
mb

er
s a

nd
 

bin
ar

y c
od

e 
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Co
nt

en
t (

Gr
ad

e 7
 / T

er
m

 2)
 

No
te

s/E
xa

m
pl

es
 

W
rite

 th
e n

um
be

rs 
0, 

1, 
2, 

3 o
n t

he
 le

ft s
ide

 of
 th

e b
oa

rd
 un

de
rn

ea
th 

a h
or

izo
nta

l li
ne

. S
ee

 th
e e

xa
mp

le 
on

 th
e r

igh
t. 

 
As

k t
he

 le
ar

ne
rs 

so
me

 qu
es

tio
ns

 to
 ge

t a
 fu

rth
er

 th
re

e n
um

be
rs 

be
tw

ee
n 0

 an
d 6

4 a
nd

 ad
d t

he
se

 to
 th

e n
um

be
r c

olu
mn

. A
sk

 fo
r e

xa
mp

le:
 

• 
Ho

w 
ma

ny
 le

ar
ne

rs 
ar

e i
n t

he
 cl

as
sro

om
? 

• 
Ho

w 
ma

ny
 le

ar
ne

rs 
ha

ve
 si

bli
ng

s?
 

• 
Ho

w 
ma

ny
 le

ar
ne

rs 
ha

ve
 a 

na
me

 st
ar

tin
g w

ith
 a 

pa
rtic

ula
r le

tte
r?

 
As

k t
he

 le
ar

ne
rs 

if t
he

y t
hin

k w
e c

an
 w

rite
 th

es
e n

um
be

rs 
us

ing
 ju

st 
ze

ro
s a

nd
 on

es
.   

Gi
ve

 a 
vo

lun
tee

r (
pe

rso
n 1

) a
 ca

rd
 w

ith
 on

e d
ot 

on
 on

e s
ide

 an
d a

 bl
ac

k b
ac

kg
ro

un
d o

n t
he

 ot
he

r a
nd

 
wr

ite
 1 

on
 th

e f
ar

 rig
ht 

of 
the

 bo
ar

d a
bo

ve
 th

e h
or

izo
nta

l li
ne

. 
Ex

pla
in 

tha
t 1

 m
ea

ns
 on

 an
d 0

 m
ea

ns
 of

f, s
o t

he
 bl

ac
k s

ide
 re

pr
es

en
ts 

0. 
Th

is 
wa

y, 
we

 ca
n r

ep
re

se
nt 

the
 nu

mb
er

s 0
 an

d 1
. 

Gi
ve

 an
oth

er
 vo

lun
tee

r (
pe

rso
n 2

) a
 ca

rd
 w

ith
 tw

o d
ots

. P
lac

e t
his

 le
ar

ne
r o

n t
he

 le
ft o

f th
e f

irs
t o

ne
 an

d w
rite

 2 
to 

the
 le

ft o
f 1

 on
 th

e b
oa

rd
. 

As
k t

he
m 

ho
w 

the
y c

an
, to

ge
the

r, 
re

pr
es

en
t th

e n
um

be
r t

wo
. W

ha
t a

bo
ut 

thr
ee

? A
sk

 th
e c

las
s f

or
 th

eir
 id

ea
s. 

As
k t

he
m 

to 
flip

 th
e c

ar
ds

 to
 th

e o
n/o

ff p
os

itio
ns

 to
 

he
lp 

the
 di

sc
us

sio
n. 

Ex
ten

d t
he

 ga
me

 by
 gi

vin
g 6

 le
ar

ne
rs

 a 
ca

rd
 to

 re
pr

es
en

t d
iffe

re
nt 

nu
mb

er
. S

om
e w

ill 
be

 sh
ow

ing
, s

om
e w

ill 
no

t b
e s

ho
wi

ng
. W

he
n a

 bi
na

ry 
nu

mb
er

 ca
rd

 is
 no

t 
sh

ow
ing

, it
 is

 re
pr

es
en

ted
 by

 a 
ze

ro
. W

he
n i

t is
 sh

ow
ing

, it
 is

 re
pr

es
en

ted
 by

 a 
on

e. 
 

Ex
ten

d t
o l

ar
ge

r n
um

be
rs.

  
 Ex

am
pl

e a
ct

ivi
ty

 2:
 C

ra
ck

 th
e s

ec
re

t c
od

e 
Gi

ve
 le

ar
ne

rs 
a s

ec
re

t c
od

e t
o c

ra
ck

. 
Ea

ch
 le

tte
r is

 re
pr

es
en

ted
 by

 a 
nu

mb
er

.  
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
 

11
 

12
 

13
 

14
 

15
 

16
 

17
 

18
 

19
 

20
 

21
 

23
 

23
 

24
 

25
 

26
 

A 
B 

C 
D 

E 
F 

G 
H 

I 
J 

K 
L 

M 
N 

O 
P 

Q 
R 

S 
T 

U 
V 

W
 

X 
Y 

Z 
Co

nv
er

t th
e b

ina
ry 

re
pr

es
en

tat
ion

 be
low

 to
 de

ter
mi

ne
 th

e d
ec

im
al 

nu
mb

er
 an

d l
oo

k u
p t

he
 le

tte
r. 

Fin
d t

he
 se

cre
t c

od
e. 

 
16

 
8 

4 
2 

1 
Le

tte
r 

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

Le
t le

ar
ne

rs 
cre

ate
 th

eir
 ow

n s
ec

re
t c

od
e a

nd
 le

t th
eir

 fr
ien

ds
 cr

ac
k t

ha
t.  

 Ex
am

pl
e a

ct
ivi

ty
 3:

 
Le

t le
ar

ne
rs 

cre
ate

 a 
clo

ck
 sh

ow
ing

 th
e c

ur
re

nt 
tim

e u
sin

g b
ina

ry 
co

de
. 

Ex
am

ple
 on

 th
e r

igh
t 

As
k t

he
 le

ar
ne

rs 
if t

he
y o

wn
 a 

co
mp

ute
r o

r a
 sm

ar
tph

on
e. 

Ho
w 

do
 th

es
e m

ac
hin

es
 st

or
e a

nd
 sh

ar
e i

nfo
rm

ati
on

? 
Le

ar
ne

rs 
ne

ed
 to

 un
de

rst
an

d t
ha

t: 
• 

Bi
na

ry 
is 

a n
um

be
rin

g s
ys

tem
 th

at 
us

es
 on

ly 
tw

o d
igi

ts:
 0 

an
d 1

. T
his

 co
ntr

as
ts 

wi
th 

ou
r f

am
ilia

r d
ec

im
al 

sy
ste

m,
 

wh
ich

 us
es

 te
n d

igi
ts 

(0
-9

). 
• 

Re
pr

es
en

tat
ion

 of
 In

for
ma

tio
n: 

In 
the

 bi
na

ry 
sy

ste
m,

 ea
ch

 
dig

it (
0 o

r 1
) is

 ca
lle

d a
 "b

it"
 (s

ho
rt 

for
 bi

na
ry 

dig
it).

 B
its

 ar
e 

the
 ba

sic
 un

its
 of

 in
for

ma
tio

n s
tor

ag
e a

nd
 pr

oc
es

sin
g i

n 
co

mp
ute

rs.
 T

he
y c

an
 re

pr
es

en
t tw

o d
ist

inc
t s

tat
es

, o
fte

n 
re

fer
re

d t
o a

s "
off

" (
0)

 an
d "

on
" (

1)
, o

r "
fal

se
" a

nd
 "t

ru
e’.

 
 No

te
: 

Bi
na

ry 
is 

a f
un

da
me

nta
l a

sp
ec

t o
f d

igi
tal

 sy
ste

ms
 su

ch
 as

 
co

mp
ute

rs 
an

d m
icr

oc
on

tro
lle

rs
.  

In 
mo

st 
dig

ita
l s

ys
tem

s, 
inf

or
ma

tio
n i

s u
ltim

ate
ly 

re
pr

es
en

ted
 

an
d p

ro
ce

ss
ed

 us
ing

 bi
na

ry 
dig

its
 (0

 an
d 1

). 
It's

 th
e s

im
ple

st 
an

d m
os

t c
om

mo
n w

ay
 to

 re
pr

es
en

t in
for

ma
tio

n d
igi

tal
ly 

be
ca

us
e i

t's
 ea

sy
 fo

r e
lec

tro
nic

 ci
rcu

its
 to

 w
or

k w
ith

 tw
o 

dis
tin

ct 
sta

tes
. 

 Le
t th

em
 th

ink
 of

 a 
dig

ita
l s

ys
tem

 as
 a 

se
rie

s o
f ti

ny
 sw

itc
he

s 
tha

t c
an

 be
 ei

the
r o

n o
r o

ff, 
lik

e a
 lig

ht 
sw

itc
h. 

 
In 

the
 di

git
al 

wo
rld

, e
ve

ryt
hin

g i
s r

ep
re

se
nte

d u
sin

g t
he

se
 on

-
off

 sw
itc

he
s. 

Ea
ch

 sw
itc

h i
s l

ike
 a 

tin
y p

iec
e o

f in
for

ma
tio

n, 
ca

lle
d a

 "b
it."

 W
he

n y
ou

 pu
t m

an
y b

its
 to

ge
the

r, 
yo

u c
an

 
re

pr
es

en
t m

or
e c

om
ple

x t
hin

gs
, li

ke
 nu

mb
er

s, 
let

ter
s, 

pic
tur

es
, a

nd
 so

un
ds

. 

D.
10

 D
em

on
st

ra
te

 a 
ba

sic
 p

ro
fic

ien
cy

 in
 th

e a
pp

lic
at

io
n 

of
 d

ig
ita

l s
kil

ls.
 

Li
nk

 to
 C

.2,
 C

.3,
 C

.4 
an

d 
C.

5 a
nd

 D
.3 

an
d 

D.
7 

Ex
am

pl
e a

ct
ivi

ty
 - 

Pa
in

t 
Le

ar
ne

rs 
us

e s
oft

wa
re

 su
ch

 as
 P

ain
t to

 cr
ea

te 
sp

rite
s a

nd
 b

ac
kg

ro
un

ds
 fo

r i
mp

or
tin

g i
nto

 th
eir

 bl
oc

k-
ba

se
d p

ro
gr

am
s 

 Fi
les

 an
d 

fo
ld

er
s -

 F
ile

 an
d 

fo
ld

er
 o

pe
ra

tio
ns

 

Re
vis

e P
ain

t
Fi

le 
m

an
ag

em
en

t
Fil

ing
 is

 ar
ra

ng
ing

 an
d s

tor
ing

 do
cu

me
nts

 in
 an

 or
de

re
d 

ma
nn

er
 so

 th
at 

the
y c

ou
ld 

be
 fo

un
d e

as
ily

 w
he

n n
ee

de
d.
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Co
nt

en
t (

Gr
ad

e 7
 / T

er
m

 2)
 

No
te

s/E
xa

m
pl

es
 

W
rite

 th
e n

um
be

rs 
0, 

1, 
2, 

3 o
n t

he
 le

ft s
ide

 of
 th

e b
oa

rd
 un

de
rn

ea
th 

a h
or

izo
nta

l li
ne

. S
ee

 th
e e

xa
mp

le 
on

 th
e r

igh
t. 

 
As

k t
he

 le
ar

ne
rs 

so
me

 qu
es

tio
ns

 to
 ge

t a
 fu

rth
er

 th
re

e n
um

be
rs 

be
tw

ee
n 0

 an
d 6

4 a
nd

 ad
d t

he
se

 to
 th

e n
um

be
r c

olu
mn

. A
sk

 fo
r e

xa
mp

le:
 

• 
Ho

w 
ma

ny
 le

ar
ne

rs 
ar

e i
n t

he
 cl

as
sro

om
? 

• 
Ho

w 
ma

ny
 le

ar
ne

rs 
ha

ve
 si

bli
ng

s?
 

• 
Ho

w 
ma

ny
 le

ar
ne

rs 
ha

ve
 a 

na
me

 st
ar

tin
g w

ith
 a 

pa
rtic

ula
r le

tte
r?

 
As

k t
he

 le
ar

ne
rs 

if t
he

y t
hin

k w
e c

an
 w

rite
 th

es
e n

um
be

rs 
us

ing
 ju

st 
ze

ro
s a

nd
 on

es
.  

Gi
ve

 a 
vo

lun
tee

r (
pe

rso
n 1

) a
 ca

rd
 w

ith
 on

e d
ot 

on
 on

e s
ide

 an
d a

 bl
ac

k b
ac

kg
ro

un
d o

n t
he

 ot
he

r a
nd

 
wr

ite
 1 

on
 th

e f
ar

 rig
ht 

of 
the

 bo
ar

d a
bo

ve
 th

e h
or

izo
nta

l li
ne

. 
Ex

pla
in 

tha
t 1

 m
ea

ns
 on

 an
d 0

 m
ea

ns
 of

f, s
o t

he
 bl

ac
k s

ide
 re

pr
es

en
ts 

0. 
Th

is 
wa

y, 
we

 ca
n r

ep
re

se
nt 

the
 nu

mb
er

s 0
 an

d 1
. 

Gi
ve

 an
oth

er
 vo

lun
tee

r (
pe

rso
n 2

) a
 ca

rd
 w

ith
 tw

o d
ots

. P
lac

e t
his

 le
ar

ne
r o

n t
he

 le
ft o

f th
e f

irs
t o

ne
 an

d w
rite

 2 
to 

the
 le

ft o
f 1

 on
 th

e b
oa

rd
. 

As
k t

he
m 

ho
w 

the
y c

an
, to

ge
the

r, 
re

pr
es

en
t th

e n
um

be
r t

wo
. W

ha
t a

bo
ut 

thr
ee

? A
sk

 th
e c

las
s f

or
 th

eir
 id

ea
s. 

As
k t

he
m 

to 
flip

 th
e c

ar
ds

 to
 th

e o
n/o

ff p
os

itio
ns

 to
 

he
lp 

the
 di

sc
us

sio
n. 

Ex
ten

d t
he

 ga
me

 by
 gi

vin
g 6

 le
ar

ne
rs

 a 
ca

rd
 to

 re
pr

es
en

t d
iffe

re
nt 

nu
mb

er
. S

om
e w

ill 
be

 sh
ow

ing
, s

om
e w

ill 
no

t b
e s

ho
wi

ng
. W

he
n a

 bi
na

ry 
nu

mb
er

 ca
rd

 is
 no

t 
sh

ow
ing

, it
 is

 re
pr

es
en

ted
 by

 a 
ze

ro
. W

he
n i

t is
 sh

ow
ing

, it
 is

 re
pr

es
en

ted
 by

 a 
on

e. 
 

Ex
ten

d t
o l

ar
ge

r n
um

be
rs.

  
 Ex

am
pl

e a
ct

ivi
ty

 2:
 C

ra
ck

 th
e s

ec
re

t c
od

e 
Gi

ve
 le

ar
ne

rs 
a s

ec
re

t c
od

e t
o c

ra
ck

. 
Ea

ch
 le

tte
r is

 re
pr

es
en

ted
 by

 a 
nu

mb
er

.  
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
 

11
 

12
 

13
 

14
 

15
 

16
 

17
 

18
 

19
 

20
 

21
 

23
 

23
 

24
 

25
 

26
 

A 
B 

C 
D 

E 
F 

G 
H 

I 
J 

K 
L 

M 
N 

O 
P 

Q 
R 

S 
T 

U 
V 

W
 

X 
Y 

Z 
Co

nv
er

t th
e b

ina
ry 

re
pr

es
en

tat
ion

 be
low

 to
 de

ter
mi

ne
 th

e d
ec

im
al 

nu
mb

er
 an

d l
oo

k u
p t

he
 le

tte
r. 

Fin
d t

he
 se

cre
t c

od
e. 

 
16

 
8 

4 
2 

1 
Le

tte
r 

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

Le
t le

ar
ne

rs 
cre

ate
 th

eir
 ow

n s
ec

re
t c

od
e a

nd
 le

t th
eir

 fr
ien

ds
 cr

ac
k t

ha
t.  

 Ex
am

pl
e a

ct
ivi

ty
 3:

 
Le

t le
ar

ne
rs 

cre
ate

 a 
clo

ck
 sh

ow
ing

 th
e c

ur
re

nt 
tim

e u
sin

g b
ina

ry 
co

de
. 

Ex
am

ple
 on

 th
e r

igh
t 

As
k t

he
 le

ar
ne

rs 
if t

he
y o

wn
 a 

co
mp

ute
r o

r a
 sm

ar
tph

on
e. 

Ho
w 

do
 th

es
e m

ac
hin

es
 st

or
e a

nd
 sh

ar
e i

nfo
rm

ati
on

? 
Le

ar
ne

rs 
ne

ed
 to

 un
de

rst
an

d t
ha

t: 
• 

Bi
na

ry 
is 

a n
um

be
rin

g s
ys

tem
 th

at 
us

es
 on

ly 
tw

o d
igi

ts:
 0 

an
d 1

. T
his

 co
ntr

as
ts 

wi
th 

ou
r f

am
ilia

r d
ec

im
al 

sy
ste

m,
 

wh
ich

 us
es

 te
n d

igi
ts 

(0
-9

). 
• 

Re
pr

es
en

tat
ion

 of
 In

for
ma

tio
n: 

In 
the

 bi
na

ry 
sy

ste
m,

 ea
ch

 
dig

it (
0 o

r 1
) is

 ca
lle

d a
 "b

it"
 (s

ho
rt 

for
 bi

na
ry 

dig
it).

 B
its

 ar
e 

the
 ba

sic
 un

its
 of

 in
for

ma
tio

n s
tor

ag
e a

nd
 pr

oc
es

sin
g i

n 
co

mp
ute

rs.
 T

he
y c

an
 re

pr
es

en
t tw

o d
ist

inc
t s

tat
es

, o
fte

n 
re

fer
re

d t
o a

s "
off

" (
0)

 an
d "

on
" (

1)
, o

r "
fal

se
" a

nd
 "t

ru
e’.

 
 No

te
: 

Bi
na

ry 
is 

a f
un

da
me

nta
l a

sp
ec

t o
f d

igi
tal

 sy
ste

ms
 su

ch
 as

 
co

mp
ute

rs 
an

d m
icr

oc
on

tro
lle

rs
.  

In 
mo

st 
dig

ita
l s

ys
tem

s, 
inf

or
ma

tio
n i

s u
ltim

ate
ly 

re
pr

es
en

ted
 

an
d p

ro
ce

ss
ed

 us
ing

 bi
na

ry 
dig

its
 (0

 an
d 1

). 
It's

 th
e s

im
ple

st 
an

d m
os

t c
om

mo
n w

ay
 to

 re
pr

es
en

t in
for

ma
tio

n d
igi

tal
ly 

be
ca

us
e i

t's
 ea

sy
 fo

r e
lec

tro
nic

 ci
rcu

its
 to

 w
or

k w
ith

 tw
o 

dis
tin

ct 
sta

tes
. 

 Le
t th

em
 th

ink
 of

 a 
dig

ita
l s

ys
tem

 as
 a 

se
rie

s o
f ti

ny
 sw

itc
he

s 
tha

t c
an

 be
 ei

the
r o

n o
r o

ff, 
lik

e a
 lig

ht 
sw

itc
h. 

 
In 

the
 di

git
al 

wo
rld

, e
ve

ryt
hin

g i
s r

ep
re

se
nte

d u
sin

g t
he

se
 on

-
off

 sw
itc

he
s. 

Ea
ch

 sw
itc

h i
s l

ike
 a 

tin
y p

iec
e o

f in
for

ma
tio

n, 
ca

lle
d a

 "b
it."

 W
he

n y
ou

 pu
t m

an
y b

its
 to

ge
the

r, 
yo

u c
an

 
re

pr
es

en
t m

or
e c

om
ple

x t
hin

gs
, li

ke
 nu

mb
er

s, 
let

ter
s, 

pic
tur

es
, a

nd
 so

un
ds

. 

D.
10

 D
em

on
st

ra
te

 a 
ba

sic
 p

ro
fic

ien
cy

 in
 th

e a
pp

lic
at

io
n 

of
 d

ig
ita

l s
kil

ls.
 

Li
nk

 to
 C

.2,
 C

.3,
 C

.4 
an

d 
C.

5 a
nd

 D
.3 

an
d 

D.
7 

Ex
am

pl
e a

ct
ivi

ty
 - 

Pa
in

t 
Le

ar
ne

rs 
us

e s
oft

wa
re

 su
ch

 as
 P

ain
t to

 cr
ea

te 
sp

rite
s a

nd
 b

ac
kg

ro
un

ds
 fo

r i
mp

or
tin

g i
nto

 th
eir

 bl
oc

k-
ba

se
d p

ro
gr

am
s 

 Fi
les

 an
d 

fo
ld

er
s -

 F
ile

 an
d 

fo
ld

er
 o

pe
ra

tio
ns

 

Re
vis

e P
ain

t
Fi

le 
m

an
ag

em
en

t
Fil

ing
 is

 ar
ra

ng
ing

 an
d s

tor
ing

 do
cu

me
nts

 in
 an

 or
de

re
d 

ma
nn

er
 so

 th
at 

the
y c

ou
ld 

be
 fo

un
d e

as
ily

 w
he

n n
ee

de
d.

Co
nt

en
t (

Gr
ad

e 7
 / T

er
m

 2)
 

No
te

s/E
xa

m
pl

es
 

W
ha

t o
ne

 ca
n d

o w
ith

 fil
es

W
ha

t c
an

 on
e d

o w
ith

 fo
lde

rs?
 

 
Ex

am
pl

e a
ct

ivi
ty

 – 
Fi

le 
an

d 
Fo

ld
er

 M
an

ag
em

en
t  

W
he

n l
ea

rn
er

s w
or

k o
n t

he
 co

mp
ute

r (
co

din
g)

, th
ey

 en
ga

ge
 in

 fil
e a

nd
 fo

lde
rs 

op
er

ati
on

s

 Le
ar

ne
rs 

ne
ed

 to
 

• 
Cr

ea
te 

an
d n

am
e a

 fo
lde

r a
nd

 fil
e 

• 
Re

na
me

 a 
fol

de
r a

nd
 fil

e  
• 

De
let

e, 
co

py
 an

d m
ov

e a
 fo

lde
r (

dif
fer

en
ce

 be
tw

ee
n c

op
y 

an
d m

ov
e)

 
• 

Sa
ve

 an
d S

av
e a

 co
py

 (a
nd

 th
e d

iffe
re

nc
e)

 
• 

Mo
ve

 a 
fol

de
r a

nd
 fil

e (
dif

fer
en

ce
 be

tw
ee

n c
op

y a
nd

 
mo

ve
) 

• 
De

let
e a

 fo
lde

r a
nd

 fil
e 

• 
Co

nc
ep

t o
f r

ec
yc

le 
bin
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3.
1.

3 
Te

rm
 3

 

Co
nt

en
t (

Gr
ad

e 7
 / T

er
m

 3)
 

No
te

s/E
xa

m
pl

es
 

Co
di

ng
 

 
C.

1 A
pp

ly 
co

m
pu

ta
tio

na
l t

hi
nk

in
g 

(C
T)

 sk
ills

 to
 d

ev
elo

p 
a s

et
 o

f l
og

ica
l in

st
ru

ct
io

ns
 to

 so
lve

 a 
pr

ob
lem

. 
Li

nk
 to

 C
.2 

– C
.4 

an
d 

C.
6 a

nd
 R

.1-
R.

6 
Ex

am
pl

e a
ct

ivi
ty

 – 
Us

e c
om

pu
ta

tio
na

l t
hi

nk
in

g 
to

 d
ev

elo
p 

an
 al

go
rit

hm
 fo

r t
he

 fo
llo

wi
ng

 ta
sk

 
If y

ou
 ne

ed
 to

 fin
d a

 pi
ctu

re
 of

 a 
co

mp
ute

r t
ha

t y
ou

 w
an

t to
 im

po
rt 

int
o a

 bl
oc

k-
ba

se
d c

od
ing

 ap
p, 

yo
u w

ill 
br

ea
k d

ow
n t

he
 ta

sk
 in

to 
se

ve
ra

l s
ma

lle
r t

as
ks

, th
at 

ca
n 

be
 co

mp
let

ed
 in

div
idu

all
y. 

 
Th

e f
irs

t s
tep

 is
 to

 br
ea

k t
he

 pr
ob

lem
 in

to 
tw

o d
ist

inc
t s

ub
-ta

sk
s: 

• 
Fin

d a
 pi

ctu
re

 of
 a 

co
mp

ute
r o

n y
ou

r c
om

pu
tin

g d
ev

ice
; a

nd
 

• 
Im

po
rt 

the
 pi

ctu
re

 in
to 

the
 bl

oc
k-

ba
se

d c
od

ing
 ap

p. 
No

w,
 br

ea
k d

ow
n e

ac
h o

f th
e a

bo
ve

 ta
sk

s i
nto

 ev
en

 sm
all

er
 ta

sk
s: 

 
• 

Fin
d a

 pi
ctu

re
 of

 a 
co

mp
ute

r o
n t

he
 In

ter
ne

t 
o 

Co
mp

let
e t

he
se

 st
ep

s  
 

• 
Ins

er
t th

e p
ict

ur
e i

nto
 th

e w
or

d p
ro

ce
ss

ing
 do

cu
me

nt
 

o 
Co

mp
let

e t
he

se
 st

ep
s. 

Le
ar

ne
rs

 n
ee

d 
to

: 
Ide

nti
fy 

the
 im

po
rta

nt 
de

tai
ls 

ne
ed

ed
 to

 so
lve

 th
is 

pr
ob

lem
 

(a
bs

tra
cti

on
) 

Br
ea

k t
he

 pr
ob

lem
 do

wn
 in

to 
sm

all
er

 lo
gic

al 
ste

ps
 

(d
ec

om
po

sit
ion

) 
Ex

pl
ain

 to
 le

ar
ne

rs
: 

W
he

n t
he

y n
ee

d t
o c

om
ple

te 
a t

as
k a

nd
 fe

el 
ov

er
wh

elm
ed

, it
 

is 
im

po
rta

nt 
to 

br
ea

k i
t d

ow
n i

nto
 su

b-
tas

ks
. T

he
n s

olv
e e

ac
h 

su
b-

tas
k. 

 

C.
2 P

re
se

nt
 a 

sim
pl

e c
od

in
g 

so
lu

tio
n 

us
in

g 
sy

m
bo

lic
 o

r w
rit

te
n 

st
at

em
en

ts
 re

pr
es

en
tin

g 
se

qu
en

ce
s o

f c
om

m
an

ds
, s

in
gl

e r
ep

et
iti

on
, a

nd
 co

nd
iti

on
al 

co
ns

tru
ct

s. 
Li

nk
 to

 C
.1 

– C
.7 

an
d 

D.
8 

Ex
am

pl
e a

ct
ivi

ty
 1 

– C
on

ve
rt 

a 3
-d

ig
it 

bi
na

ry
 n

um
be

r t
o 

a d
ec

im
al 

nu
m

be
r 

Le
ar

ne
rs 

mu
st 

wr
ite

 co
de

 to
 do

 th
e f

oll
ow

ing
: 

• 
Th

e u
se

r m
us

t e
nte

r a
 3-

dig
it b

ina
ry 

nu
mb

er
 

• 
Th

e p
ro

gr
am

 m
us

t c
on

ve
rt 

the
 3-

dig
it b

ina
ry 

nu
mb

er
 to

 th
e c

or
re

sp
on

din
g d

ec
im

al 
nu

mb
er

. 
• 

Th
e p

ro
gr

am
 m

us
t d

isp
lay

 th
e b

ina
ry 

nu
mb

er
 an

d t
he

 co
rre

sp
on

din
g d

ec
im

al 
nu

mb
er

. 
 Ex

am
pl

e a
ct

ivi
ty

 2 
– C

re
at

e a
n 

ex
pe

ns
e l

ist
 

Yo
u w

ill 
be

 pl
ay

ing
 ho

ck
ey

. 
Cr

ea
te 

a l
ist

 ca
lle

d r
Ex

pe
nc

e_
Lis

t (
un

de
r v

ar
iab

les
) 

W
rite

 th
e c

od
e o

n t
he

 rig
ht,

 ru
n t

he
 co

de
, e

nte
r t

he
 pr

ice
s a

nd
 ad

d t
he

 pr
ice

s t
o t

he
 lis

t. 
Th

e l
ist

 w
ill 

sto
re

 th
e p

ric
es

 en
ter

ed
. 

 Af
ter

 th
e l

ist
 is

 cr
ea

ted
, y

ou
 ne

ed
 to

 
ca

lcu
lat

e t
he

 to
tal

 co
st 

wh
en

 pr
es

sin
g t

he
 

sp
ac

eb
ar

 
• 

us
e 

the
 p

ric
es

 i
n 

the
 l

ist
 t

o 
ca

lcu
lat

e 
ho

w 
mu

ch
 m

on
ey

 y
ou

 
wi

ll n
ee

d 
• 

 th
en

 ca
lcu

lat
e V

AT
 an

d  
• 

ad
d t

he
 V

AT
 to

 th
e t

ota
l: 

Ad
d t

he
 fo

llo
wi

ng
 co

de
:  

 

Po
ss

ibl
e s

olu
tio

n f
or

 ac
tiv

ity
 1 

            No
te

: 
Lis

ts 
ar

e d
ata

 st
ru

ctu
re

s t
ha

t a
llo

w 
pr

og
ra

mm
er

s t
o s

tor
e 

mu
ltip

le 
pie

ce
s o

f in
for

ma
tio

n i
n a

 si
ng

le 
va

ria
ble

. 
 En

su
re

 th
at 

lea
rn

er
s u

nd
er

sta
nd

 th
at 

the
 ite

m 
nu

mb
er

 re
fer

 
to 

a s
pe

cif
ic 

ite
m 

in 
the

 lis
t, e

.g.
 1 

re
fer

s t
o t

he
 fir

st 
ite

m,
 2 

to 
the

 se
co

nd
, e

tc.
 T

he
re

for
e, 

on
e n

ee
ds

 a 
lis

t c
ou

nte
r v

ar
iab

le 
tha

t m
us

t c
ha

ng
e b

y 1
 ea

ch
 tim

e t
o w

or
k t

hr
ou

gh
 th

e l
ist

. 

 
 

A 
hi

gh
-le

ve
l a

lg
or

ith
m

 in
clu

de
s o

nly
 th

e m
ain

 st
ep

s/i
de

as
 or

 
ins

tru
cti

on
s o

f th
e s

olu
tio

n a
nd

 le
av

es
 th

e d
eta

ils
 un

til 
lat

er
 

(A
bs

tra
ct

io
n 

to
 D

ec
om

po
sit

io
n)

 
Re

fin
em

en
t is

 a 
pr

oc
es

s f
or

 de
ve

lop
ing

 a 
cle

ar
, u

na
mb

igu
ou

s a
nd

 
de

tai
led

 al
go

rith
m 

by
 br

ea
kin

g t
he

 hi
gh

-le
ve

l s
tep

s d
ow

n i
nto

 de
tai

led
 

ste
ps

 (g
ra

du
all

y a
dd

ing
 de

tai
l to

 a 
hi

gh
-le

ve
l id

ea
s)

, fi
nd

ing
 pa

tte
rn

s, 
etc

. (
De

co
m

po
se

)

Co
nt

en
t (

Gr
ad

e 7
 / T

er
m

 3)
 

No
te

s/E
xa

m
pl

es
 

C.
3 I

nt
er

pr
et

 an
d 

ex
ec

ut
e a

 g
ive

n 
sy

m
bo

lic
 o

r w
rit

te
n 

se
t o

f c
om

m
an

ds
 

Li
nk

 to
 C

.1,
 C

.2 
an

d 
C.

4 
Ex

am
pl

e a
ct

ivi
ty

 1 
– R

ev
ise

 lo
op

s 
W

or
k t

hr
ou

gh
 th

e c
od

e 
be

low
. E

xp
lai

n w
ha

t th
e c

od
e d

oe
s. 

Ru
n t

he
 co

de
 an

d c
he

ck
 if 

yo
u p

re
dic

ted
 co

rre
ctl

y 
 

C.
4 D

eb
ug

 a 
gi

ve
n 

sy
m

bo
lic

 o
r w

rit
te

n 
se

t o
f i

ns
tru

ct
io

ns
 

 
Ex

am
pl

e a
ct

ivi
ty

 – 
Ca

lcu
lat

e m
ul

tip
les

 o
f a

 n
um

be
r 

Th
e p

ro
gr

am
 on

 th
e r

igh
t a

sk
s t

he
 us

er
 to

 en
ter

 a 
nu

mb
er

, th
en

 as
k t

he
 

us
er

 ho
w 

ma
ny

 m
ult

ipl
es

 of
 th

at 
nu

mb
er

 it 
mu

st 
dis

pla
y. 

 If t
he

 us
er

 en
ter

s 1
2 a

nd
 as

k f
or
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fou
r p
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o p
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r r
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e p
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p p
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p g
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o c
ho

os
e a

 ra
nd

om
 le

tte
r a

nd
 to

 st
ar

t th
e c
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s r
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4 p
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s r
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3 p
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ra
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o k
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e p
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e p
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t b

e p
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o d
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l C
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f t
ec

hn
ol

og
y a

nd
 p
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at
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n c
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e p
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e p
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a p
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e d
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d m
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d d
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s d

ata
. F

or
 ex

am
ple

, 
the

y c
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r c
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- D
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e p
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r t
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e b
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e o
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 m
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o d
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y c
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t m
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d d
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p o
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d p
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 m
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, p
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e m
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e d
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t d
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t r
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t d
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s o
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e p
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s d
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n C
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n C
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r b
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 D
.5 

Ed
uc

at
io

n,
 E

nt
er

ta
in

m
en

t c
ha

tb
ot

s 
 

D.
5 D

iff
er

en
tia

te
 b

et
we

en
 th

e c
om

po
ne

nt
s o

f a
n 

IC
T 

sy
st

em
 

Li
nk

 to
 D

.4 
D.

6 E
xp

lai
n 

ho
w 

th
e a

da
pt

at
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 D
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 D
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e f
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e p
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d c
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l c
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s d
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, p
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 m
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 o
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 d
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– C
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, p
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d o
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/ r
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s a

nd
 st

ep
s t

o 6
 an

d 8
 re

sp
ec

tiv
ely

 an
d w

atc
h w

ha
t h

ap
pe

ns
. 

4. 
Fin

all
y, 

ch
an

ge
 th

e n
um

be
r o

f s
ide

s a
nd

 st
ep

s t
o 3

60
 an

d w
atc

h w
ha

t h
ap

pe
ns

. 
 

Th
e p

ur
po

se
 of

 ac
tiv

ity
 1 

is 
for

 le
ar

ne
rs 

to 
se

e h
ow

 th
e s

ha
pe

 
ch

an
ge

s w
he

n t
he

 nu
mb

er
 of

 si
de

s i
s c

ha
ng

ed
 w

ith
ing

 th
e 

‘fo
rm

ula
’. 

En
su

re
 th

at 
lea

rn
er

s u
nd

er
sta

nd
 th

at 
by

 on
ly 

ch
an

gin
g t

he
 

nu
mb

er
 of

 si
de

s, 
we

 ca
n u

se
 th

e c
od

e t
o d

ra
w 

dif
fer

en
t 

sh
ap

es
. 

 

C.
3 I

nt
er

pr
et

 an
d 

ex
ec

ut
e a

 g
ive

n 
sy

m
bo

lic
 o

r w
rit

te
n 

se
t o

f c
om

m
an

ds
 

Li
nk

 to
 C

.1,
 C

4, 
an

d 
C.

6  
Ex

am
pl

e a
ct

ivi
ty

 – 
In

tro
du

ce
: W

he
n 

I s
ta

rt 
as

 a 
clo

ne
 

Th
e f

oll
ow

ing
 ga

me
 le

ts 
ba

llo
on

s b
ur

st 
wh

en
 on

e c
lic

ks
 on

 th
em

 an
d u

se
 a 

tim
er

 to
 sh

ow
 th

e t
im

e 
it t

ak
es

 yo
u t

o b
ur

st 
the

 ba
llo

on
s. 

Ru
n t

he
 co

de
 an

d e
xp

lai
n h

ow
 th

e p
ro

gr
am

 w
or

ks
. 

 No
w 

wr
ite

 a 
sim

ila
r g

am
e,

 

No
te

: 
Lit

er
atu

re
 su

gg
es

ts 
tha

t it
 is

 im
po

rta
nt 

tha
t le

ar
ne

rs 
mu

st 
als

o 
re

ad
 an

d e
xp

lai
n i

n p
lai

n l
an

gu
ag

e (
the

ir o
wn

 w
or

ds
) w

ha
t 

the
 co

de
 do

es
. 

Th
is 

typ
e o

f a
cti

vit
ies

 sh
ou

ld 
be

 do
ne

 un
plu

gg
ed

 (p
en

-a
nd

-
pa

pe
r) 

an
d o

nly
 im

ple
me

nte
d a

fte
r le

ar
ne

rs 
ex

pla
ine

d t
he

 
re

su
lts

. M
an

y o
f th

es
e t

yp
es

 of
 ex

er
cis

es
 ar

e n
ec

es
sa

ry 
to 

gr
ou

nd
 co

nc
ep

ts,
 sk

ills
 an

d u
nd

er
sta

nd
ing

 of
 al

go
rith

ms
 an

d 
co

din
g. 

 No
te

: 
W

hil
e l

ea
rn

er
s s

ho
uld

 be
 ab

le 
to 

de
sc

rib
e w

ha
t e

ac
h l

ine
 

(b
loc

k) 
of 

co
de

 do
es

, (
de

sc
rib

ing
 a 

co
de

 se
gm

en
t li

ne
-b

y-
lin

e/b
loc

k-b
y-b

loc
k) 

it i
s v

er
y i

mp
or

tan
t th

at 
lea

rn
er

s e
xp

lai
n 

the
 ov

er
all

 pu
rp

os
e o

f th
e c

od
e (

pr
og

ra
m)

, i.
e. 

wh
at 

the
 

pr
og

ra
m 

do
es

/th
e p

ur
po

se
 of

 th
e p

ro
gr

am
 is

 (n
ot 

a l
ine

-b
y-

lin
e d

es
cri

pti
on

). 

C.
4 D

eb
ug

 a 
gi

ve
n 

sy
m

bo
lic

 o
r w

rit
te

n 
se

t o
f i

ns
tru

ct
io

ns
 

C.
3 a

nd
 C

.4 
do

ne
 to

ge
th

er
 an

d 
C.

6 
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Co
nt

en
t (

Gr
ad

e 8
 / T

er
m

 1)
 

No
te

s/E
xa

m
pl

es
 

Ex
am

pl
e a

ct
ivi

ty
 - 

De
te

rm
in

e i
f a

 n
um

be
r i

s a
 p

rim
e n

um
be

r 
A 

pr
im

e n
um

be
r h

as
 on

ly 
tw

o f
ac

tor
s: 

Th
en

 nu
mb

er
 its

elf
 an

d 1
. 

Th
e f

oll
ow

ing
 pr

og
ra

m 
wa

s w
ritt

en
 to

 de
ter

mi
ne

 if 
a n

um
be

r is
 pr

im
e o

r n
ot,

 H
ow

ev
er

, it
 do

es
 no

t w
or

k 
co

rre
ctl

y. 
Us

e a
 tr

ac
e t

ab
le 

to 
fin

d t
he

 er
ro

r a
nd

 co
rre

ct 
the

 pr
og

ra
m 

No
te

: 
Ini

tia
lis

ati
on

 is
 th

e a
ss

ign
me

nt 
of 

an
 in

itia
l v

alu
e t

o a
 va

ria
ble

 
an

d i
s a

n i
mp

or
tan

t c
on

ce
pt 

in 
co

din
g a

s i
t a

llo
ws

 th
e 

pr
og

ra
m 

to 
sta

rt 
wi

th 
pr

ed
efi

ne
d v

alu
es

 an
d a

vo
id 

un
de

fin
ed

 
be

ha
vio

ur
 of

 pr
og

ra
ms

 su
ch

 as
 ga

rb
ag

e i
n a

nd
 ga

rb
ag

e o
ut 

(G
IG

O)
. 

Ge
ne

ra
lly

, m
ist

ak
es

 w
ith

 in
itia

lis
ati

on
 ar

e c
om

mo
n. 

 

C.
5 E

va
lu

at
e a

 g
ive

n 
so

lu
tio

n 
to

wa
rd

s p
ot

en
tia

l im
pr

ov
em

en
t 

 
Ex

am
pl

e a
ct

ivi
ty

 - 
Im

pr
ov

e c
od

e 
 

 
 

 
 

 
Po

ss
ib

le 
so

lu
tio

n 
Pr

ov
ide

 le
ar

ne
rs 

wi
th 

the
 co

de
 fr

om
 C

.2
 

Re
qu

es
t le

ar
ne

rs 
to 

im
pr

ov
e t

he
 co

de
 us

ing
 a 

va
ria

ble
 so

 th
at 

the
 pr

og
ra

m 
co

uld
 as

k t
he

 us
er

 ho
w 

ma
ny

 si
de

s 
the

ir s
ha

pe
 m

us
t h

av
e (

giv
ing

 th
em

 th
e f

oll
ow

ing
 op

tio
ns

 3,
 4,

 5,
 6,

 7,
 8 

or
 36

0)
 

   

Pr
ev

iou
sly

, le
ar

ne
rs 

dr
ew

 a 
sq

ua
re

 us
ing

 fix
ed

 va
lue

s. 
Le

ar
ne

rs 
wi

ll n
ow

 be
 ab

le 
to 

de
ve

lop
 co

de
 th

at 
us

es
 th

e 
ge

ne
ra

lis
ed

 fo
rm

ula
, u

sin
g a

 va
ria

ble
, to

 dr
aw

 an
y s

ha
pe

 th
e 

us
er

 w
ish

es
 to

 dr
aw

. (
Re

fer
 to

 C
.2)

 
 To

 g
en

er
ali

se
 is

 to
 lo

ok
 at

 sp
ec

ific
 ca

se
s; 

ide
nti

fy 
a p

att
er

n 
or

 re
lat

ion
sh

ip 
tha

t w
ill 

alw
ay

s b
e t

ru
e; 

the
n r

ep
re

se
nt 

the
 

pa
tte

rn
 in

 sy
mb

oli
c f

or
ma

t. 
  Th

e a
lgo

rith
m 

in 
C.

2 w
ill 

no
w 

be
 im

pr
ov

ed
 us

ing
 a 

va
ria

ble
 to

 
be

 ab
le 

to 
dr

aw
 th

e s
ha

pe
 a 

us
er

 re
qu

es
ts 

(u
sin

g i
np

ut 
fro

m 
the

 us
er

) 
 

No
te

: 
Ca

lib
ra

te 
the

 pe
n (

sp
rite

) t
o e

ns
ur

e p
re

cis
e 

dr
aw

ing
. 

Go
 to

 co
stu

me
s a

nd
 en

su
re

 th
at 

 
pe

n 
po

int
 is

 al
ign

ed
 w

ith
 th

e b
ott

om
 le

ft d
ot.
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Co
nt

en
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Gr
ad

e 8
 / T

er
m

 1)
 

No
te

s/E
xa

m
pl

es
 

Ex
am

pl
e a

ct
ivi

ty
 - 

De
te

rm
in

e i
f a

 n
um

be
r i

s a
 p

rim
e n

um
be

r 
A 

pr
im

e n
um

be
r h

as
 on

ly 
tw

o f
ac

tor
s: 

Th
en

 nu
mb

er
 its

elf
 an

d 1
. 

Th
e f

oll
ow

ing
 pr

og
ra

m 
wa

s w
ritt

en
 to

 de
ter

mi
ne

 if 
a n

um
be

r is
 pr

im
e o

r n
ot,

 H
ow

ev
er

, it
 do

es
 no

t w
or

k 
co

rre
ctl

y. 
Us

e a
 tr

ac
e t

ab
le 

to 
fin

d t
he

 er
ro

r a
nd

 co
rre

ct 
the

 pr
og

ra
m 

No
te

: 
Ini

tia
lis

ati
on

 is
 th

e a
ss

ign
me

nt 
of 

an
 in

itia
l v

alu
e t

o a
 va

ria
ble

 
an

d i
s a

n i
mp

or
tan

t c
on

ce
pt 

in 
co

din
g a

s i
t a

llo
ws

 th
e 

pr
og

ra
m 

to 
sta

rt 
wi

th 
pr

ed
efi

ne
d v

alu
es

 an
d a

vo
id 

un
de

fin
ed

 
be

ha
vio

ur
 of

 pr
og

ra
ms

 su
ch

 as
 ga

rb
ag

e i
n a

nd
 ga

rb
ag

e o
ut 

(G
IG

O)
. 

Ge
ne

ra
lly

, m
ist

ak
es

 w
ith

 in
itia

lis
ati

on
 ar

e c
om

mo
n. 

 

C.
5 E

va
lu

at
e a

 g
ive

n 
so

lu
tio

n 
to

wa
rd

s p
ot

en
tia

l im
pr

ov
em

en
t 

 
Ex

am
pl

e a
ct

ivi
ty

 - 
Im

pr
ov

e c
od

e 
 

 
 

 
 

 
Po

ss
ib

le 
so

lu
tio

n 
Pr

ov
ide

 le
ar

ne
rs 

wi
th 

the
 co

de
 fr

om
 C

.2
 

Re
qu

es
t le

ar
ne

rs 
to 

im
pr

ov
e t

he
 co

de
 us

ing
 a 

va
ria

ble
 so

 th
at 

the
 pr

og
ra

m 
co

uld
 as

k t
he

 us
er

 ho
w 

ma
ny

 si
de

s 
the

ir s
ha

pe
 m

us
t h

av
e (

giv
ing

 th
em

 th
e f

oll
ow

ing
 op

tio
ns

 3,
 4,

 5,
 6,

 7,
 8 

or
 36

0)
 

   

Pr
ev

iou
sly

, le
ar

ne
rs 

dr
ew

 a 
sq

ua
re

 us
ing

 fix
ed

 va
lue

s. 
Le

ar
ne

rs 
wi

ll n
ow

 be
 ab

le 
to 

de
ve

lop
 co

de
 th

at 
us

es
 th

e 
ge

ne
ra

lis
ed

 fo
rm

ula
, u

sin
g a

 va
ria

ble
, to

 dr
aw

 an
y s

ha
pe

 th
e 

us
er

 w
ish

es
 to

 dr
aw

. (
Re

fer
 to

 C
.2)

 
 To

 g
en

er
ali

se
 is

 to
 lo

ok
 at

 sp
ec

ific
 ca

se
s; 

ide
nti

fy 
a p

att
er

n 
or

 re
lat

ion
sh

ip 
tha

t w
ill 

alw
ay

s b
e t

ru
e; 

the
n r

ep
re

se
nt 

the
 

pa
tte

rn
 in

 sy
mb

oli
c f

or
ma

t. 
  Th

e a
lgo

rith
m 

in 
C.

2 w
ill 

no
w 

be
 im

pr
ov

ed
 us

ing
 a 

va
ria

ble
 to

 
be

 ab
le 

to 
dr

aw
 th

e s
ha

pe
 a 

us
er

 re
qu

es
ts 

(u
sin

g i
np

ut 
fro

m 
the

 us
er

) 
 

No
te

: 
Ca

lib
ra

te 
the

 pe
n (

sp
rite

) t
o e

ns
ur

e p
re

cis
e 

dr
aw

ing
. 

Go
 to

 co
stu

me
s a

nd
 en

su
re

 th
at 

 
pe

n 
po

int
 is

 al
ign

ed
 w

ith
 th

e b
ott

om
 le

ft d
ot.

 

 

Co
nt

en
t (

Gr
ad

e 8
 / T

er
m

 1)
 

No
te

s/E
xa

m
pl

es
 

C.
6 R

ec
og

ni
se

 an
d 

in
te

rp
re

t p
at

te
rn

s i
n 

sy
m

bo
lic

 se
ts

 o
f d

at
a o

r v
isu

ali
sa

tio
ns

. 
Li

nk
 to

 C
.1 

– C
.4 

an
d 

R.
5 a

nd
 R

.6 
an

d 
D.

6 a
nd

 D
.7 

Re
fe

r t
o 

C.
1 –

 in
ter

pr
et 

an
d d

es
cri

be
 pa

tte
rn

s f
or

 ge
om

etr
ic 

fig
ur

es
 an

d m
ak

e c
on

clu
sio

ns
 ba

se
d o

n t
he

 p
att

er
n p

ro
vid

ed
 

Do
ne

 w
ith

 C
.1 

C.
2 a

nd
 C

.5 
C.

7 C
re

at
e o

r c
om

pl
et

e a
 p

at
te

rn
 to

 re
pr

es
en

t a
 d

at
a s

et
 

Li
nk

 to
 C

.1 
– C

.4 
an

d 
R.

5 a
nd

 R
.6 

an
d 

D.
6 a

nd
 D

.7 
Re

fe
r t

o 
C.

1 –
 co

mp
let

e p
att

er
n f

or
 ge

om
etr

ic 
fig

ur
es

 an
d a

bs
tra

ct 
a g

en
er

ali
se

d a
lgo

rith
m 

by
 id

en
tify

ing
 th

e g
en

er
al 

pr
inc

ipl
es

 th
at 

cre
ate

 th
e p

att
er

n. 
 

Do
ne

 w
ith

 C
.1 

C.
2 a

nd
 C

.5 
Ro

bo
tic

s 
 

R.
1 E

xp
lai

n 
wh

at
 a 

ro
bo

t i
s i

n 
sim

pl
e t

er
m

s. 
Li

nk
 to

 R
.2 

R.
2 I

de
nt

ify
 d

iff
er

en
t t

yp
es

 o
f r

ob
ot

s. 
Li

nk
 to

 R
.1 

Re
vis

e c
on

ce
pt 

of 
a r

ob
ot

 
Le

ar
ne

rs 
ne

ed
 to

 in
ve

sti
ga

te 
a r

ob
ot 

in 
the

 se
cu

rity
/ p

ro
tec

tio
n i

nd
us

try
 

 Ex
am

pl
e a

ct
ivi

ty
- A

 ro
bo

t/d
ro

ne
 in

 th
e m

ed
ica

l o
r a

gr
icu

ltu
ra

l in
du

st
ry

 
Le

ar
ne

rs 
inv

es
tig

ate
 a 

ro
bo

t/d
ro

ne
 us

ed
 in

 m
ed

ica
l o

r a
gr

icu
ltu

ra
l in

du
str

y. 
Th

ey
 ne

ed
 to

 ou
tlin

e 
• 

Th
e m

ain
 co

mp
on

en
ts 

of 
the

 se
lec

ted
 ro

bo
t a

nd
  

• 
De

sc
rib

e h
ow

 th
e r

ob
ot 

is 
us

ed
 to

 ac
hie

ve
 its

 go
als

. 
• 

Cr
ea

te 
a d

iag
ra

mm
ati

ca
l o

utl
ine

 of
 th

e r
ob

ot 
an

d i
ts 

va
rio

us
 co

mp
on

en
ts 

an
d e

xte
ns

ion
 ca

pa
bil

itie
s. 

 
• 

Pr
es

en
t a

 sh
or

t r
ep

or
t o

n h
ow

 ro
bo

ts 
tha

t a
re

 us
ed

 in
 th

e s
ec

ur
ity

 an
d p

ro
tec

tio
n i

nd
us

try
 co

uld
 be

 us
ed

 on
 pu

bli
c t

ra
ns

po
rt 

or
 on

 fa
rm

s 

R.
1 a

nd
 R

.2 
do

ne
 to

ge
th

er
  

Le
ar

ne
rs 

ca
n o

utl
ine

 di
ffe

re
nt 

typ
es

 of
 ro

bo
ts 

in 
ter

ms
 of

 th
eir

 
us

e a
nd

 ap
pli

ca
tio

n, 
i.e

., 
 

• 
Me

dic
al 

Ro
bo

ts 
• 

Ag
ric

ult
ur

al 
Ro

bo
ts 

Vi
rtu

al 
Cu

sto
me

r S
er

vic
e A

ge
nts

 (i
n r

ela
tio

n t
o a

uto
ma

tio
n 

an
d v

irtu
al 

ro
bo

ts 
us

ed
 in

 th
e i

nfo
rm

ati
on

 sy
ste

ms
 sp

ac
e)

 

R.
3 O

ut
lin

e t
he

 d
iff

er
en

t c
om

po
ne

nt
s o

f a
 ro

bo
t 

Li
nk

 to
 R

.5 
Ex

am
pl

e a
ct

ivi
ty

 – 
In

tro
du

ce
 le

ar
ne

rs
 to

 a 
br

ea
db

oa
rd

 as
 a 

pr
ot

ot
yp

in
g 

bo
ar

d/
to

ol
 

 

 
So

ur
ce

 w
ww

.pn
ge

gg
.co

m 
 

              Ex
am

pl
es

: 

Re
vie

w 
the

 fo
llo

wi
ng

 el
ec

tro
nic

 co
mp

on
en

ts 
in 

ter
ms

 of
 

pr
ov

idi
ng

 a:
 

• 
Ba

sic
 de

fin
itio

n 
• 

Pu
rp

os
e, 

an
d  

• 
ho

w 
it c

ou
ld 

be
 us

ed
 in

 si
mp

le 
ph

ys
ica

l c
om

pu
tin

g a
nd

 
ro

bo
tic

s p
ro

jec
ts.

 
 Le

ar
ne

rs 
mu

st 
 

Bu
ild

 an
d p

ro
tot

yp
e e

lem
en

tar
y c

irc
uit

s b
as

ed
 on

 a 
GI

VE
N 

br
ea

db
oa

rd
 de

sig
n (

NO
T 

cir
cu

it d
iag

ra
m)

 us
ing

 si
mp

le 
co

mp
on

en
ts.

  
 In

tro
du

ce
 th

e l
ea

rn
er

s t
o 

th
e c

on
ce

pt
 o

f a
 b

re
ak

ou
t 

bo
ar

d 
/ e

xp
an

sio
n 

bo
ar

d.
 

 Ou
tlin

e t
he

 pu
rp

os
e o

f a
n e

xp
an

sio
n b

oa
rd

 an
d h

ow
 it 

is 
us

ed
 in

 ro
bo

tic
s a

nd
 ph

ys
ica

l c
om

pu
tin

g p
ro

jec
ts.

 
Ou

tlin
e t

he
 co

nc
ep

t o
f G

PI
O 

pin
s a

nd
 co

nn
ec

tor
s. 

 
Th

e l
ea

rn
er

s s
ho

uld
 be

 ab
le 

to 
dif

fer
en

tia
te 

be
tw

ee
n t

he
 

fol
low

ing
 ty

pe
s o

f p
ins

: 
• 

Vo
lta

ge
 su

pp
ly 

• 
GN

D 
• 

Di
git

al 
pin

s 
• 

An
alo

gu
e p

ins
 

    

No
te:

 A
 br

ea
db

oa
rd

 co
ns

ist
s o

f a
 re

cta
ng

ula
r o

r s
qu

ar
e-

sh
ap

ed
 pl

as
tic

 ba
se

 w
ith

 m
ult

ipl
e 

ro
ws

 an
d c

olu
mn

s o
f in

ter
co

nn
ec

ted
 m

eta
l te

rm
ina

ls.
 T

he
se

 te
rm

ina
ls 

ar
e o

rg
an

ize
d i

n a
 

gr
id 

pa
tte

rn
 an

d a
re

 ty
pic

all
y m

ad
e o

f m
eta

l s
trip

s o
r s

pr
ing

 cl
ips

. T
he

 ke
y c

om
po

ne
nts

 of
 

a b
re

ad
bo

ar
d i

nc
lud

e: 
Ba

se
: T

he
 pl

as
tic

 ba
se

 pr
ov

ide
s s

tru
ctu

ra
l s

up
po

rt 
for

 th
e b

re
ad

bo
ar

d a
nd

 ho
us

es
 th

e 
gr

id 
of 

ele
ctr

ica
l te

rm
ina

ls.
 It'

s o
fte

n c
olo

r-c
od

ed
, w

ith
 w

hit
e o

r b
eig

e b
ein

g c
om

mo
n 

co
lor

s. 
Ro

ws
: R

ow
s o

f m
eta

l te
rm

ina
ls 

ru
n h

or
izo

nta
lly

 al
on

g t
he

 br
ea

db
oa

rd
. E

ac
h r

ow
 ty

pic
all

y 
co

nta
ins

 fiv
e i

nte
rco

nn
ec

ted
 te

rm
ina

ls.
 T

he
se

 ro
ws

 ar
e l

ab
ele

d w
ith

 nu
mb

er
s o

r le
tte

rs 
for

 ea
sy

 re
fer

en
ce

. 
Co

lum
ns

: C
olu

mn
s o

f m
eta

l te
rm

ina
ls 

ru
n v

er
tic

all
y a

lon
g t

he
 br

ea
db

oa
rd

. E
ac

h c
olu

mn
 

typ
ica

lly
 co

nta
ins

 m
ult

ipl
e i

nte
rco

nn
ec

ted
 te

rm
ina

ls.
 T

he
se

 co
lum

ns
 ar

e o
fte

n u
se

d f
or

 
co

nn
ec

tin
g c

om
po

ne
nts

 lik
e i

nte
gr

ate
d c

irc
uit

s (
IC

s) 
or

 se
ns

or
s. 

Po
we

r R
ail

s: 
Ma

ny
 br

ea
db

oa
rd

s h
av

e t
wo

 lo
ng

 ro
ws

 of
 te

rm
ina

ls 
on

 th
e s

ide
s, 

oft
en

 
lab

ele
d a

s "
+ 

(p
os

itiv
e)

" a
nd

 "-
 (n

eg
ati

ve
)."

 T
he

se
 ar

e t
he

 po
we

r r
ail

s a
nd

 ar
e u

se
d f

or
 

pr
ov

idi
ng

 vo
lta

ge
 an

d g
ro

un
d c

on
ne

cti
on

s t
o t

he
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rcu
it. 

Te
rm

in
al 

Ho
les

: S
ma

ll h
ole

s i
n t

he
 pl

as
tic

 ba
se

 ac
co

mm
od

ate
 th

e i
ns

er
tio

n o
f 

co
mp

on
en

t le
ad

s o
r w

ire
s. 

Th
es

e h
ole

s c
on

ne
ct 

to 
the

 un
de

rly
ing

 m
eta

l te
rm

ina
ls.
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Co
nt

en
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Gr
ad

e 8
 / T
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m
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No
te

s/E
xa

m
pl

es
 

Co
m

po
ne

nt
 

Ba
sic

 d
ef

in
iti

on
 

Pu
rp

os
e 

Pr
ac

tic
al 

ap
pl

ica
tio

n 
ex

am
pl

e –
 M

ay
 b

e u
se

d 
to

:  
Ex

am
pl

e:
 L

in
e f

ol
lo

wi
ng

 ro
bo

t 
pr

ot
ot

yp
ed

 u
sin

g 
a b

re
ad

bo
ar

d 
Br

ea
db

oa
rd

 

 

A 
pr

oto
typ

ing
 bo

ar
d w

ith
 a 

gr
id 

of 
int

er
co

nn
ec

ted
 

ele
ctr

ica
l te

rm
ina

ls,
 us

ed
 

for
 bu

ild
ing

 an
d t

es
tin

g 
ele

ctr
on

ic 
cir

cu
its

 w
ith

ou
t 

so
lde

rin
g. 

Fa
cil

ita
tes

 th
e q

uic
k 

an
d t

em
po

ra
ry 

as
se

mb
ly 

of 
ele

ctr
on

ic 
cir

cu
its

, m
ak

ing
 it 

ea
sie

r t
o p

ro
tot

yp
e a

nd
 

ex
pe

rim
en

t w
ith

 
va

rio
us

 co
mp

on
en

t 
co

nn
ec

tio
ns

. 

Br
ea

db
oa

rd
s a

re
 va

lua
ble

 in
 ro

bo
tic

s p
ro

jec
ts 

for
 cr

ea
tin

g 
an

d t
es

tin
g c

irc
uit

ry 
co

nfi
gu

ra
tio

ns
, a

llo
wi

ng
 fo

r r
ap

id 
ite

ra
tio

n a
nd

 cu
sto

mi
za

tio
n o

f th
e e

lec
tric

al 
sy

ste
ms

 
wi

thi
n a

 ro
bo

t. T
he

y e
na

ble
 th

e c
on

ne
cti

on
 of

 va
rio

us
 

co
mp

on
en

ts,
 se

ns
or

s, 
an

d m
icr

oc
on

tro
lle

rs 
wi

tho
ut 

the
 

ne
ed

 fo
r p

er
ma

ne
nt 

so
lde

rin
g, 

ma
kin

g t
he

m 
ide

al 
for

 th
e 

de
ve

lop
me

nt 
an

d d
eb

ug
gin

g p
ha

se
s o

f r
ob

ot 
co

ns
tru

cti
on

. C
om

po
ne

nts
 ca

n b
e i

ns
er

ted
 in

to 
the

 
ter

mi
na

l h
ole

s, 
an

d t
he

 in
ter

co
nn

ec
ted

 ro
ws

 an
d c

olu
mn

s 
sim

pli
fy 

the
 pr

oc
es

s o
f c

re
ati

ng
 co

mp
lex

 ci
rcu

it 
co

nn
ec

tio
ns

 fo
r p

ro
tot

yp
ing

 an
d e

xp
er

im
en

tat
ion
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Ex
pa

ns
ion

 bo
ar

d 

 

An
 ex

pa
ns

ion
 bo

ar
d, 

als
o 

kn
ow

n a
s a

 sh
iel

d o
r 

da
ug

hte
rb

oa
rd

, is
 a 

se
pa

ra
te 

cir
cu

it b
oa

rd
 

de
sig

ne
d t

o a
tta

ch
 to

 a 
pr

im
ar

y e
lec

tro
nic

 pl
atf

or
m,

 
su

ch
 as

 a 
mi

cro
co

ntr
oll

er
 or

 
a b

re
ad

bo
ar

d, 
to 

pr
ov

ide
 

ad
dit

ion
al 

fun
cti

on
ali

ty,
 

co
mp

on
en

ts,
 or

 co
nn

ec
tiv

ity
 

op
tio

ns
 fo

r s
pe

cif
ic 

ap
pli

ca
tio

ns
. 

Th
e p

rim
ar

y p
ur

po
se

 
of 

an
 ex

pa
ns

ion
 bo

ar
d 

is 
to 

ex
ten

d t
he

 
ca

pa
bil

itie
s o

f th
e m

ain
 

pla
tfo

rm
, a

dd
ing

 
sp

ec
ial

ize
d f

ea
tur

es
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co

mp
on

en
ts 

to 
en

ha
nc

e i
ts 

fun
cti

on
ali

ty.
 

In 
ro

bo
tic

s, 
ex

pa
ns

ion
 bo

ar
ds

 ar
e c

om
mo

nly
 us

ed
 to

 
sim

pli
fy 

the
 co

nn
ec

tio
n o

f s
pe

cif
ic 

co
mp

on
en

ts 
or

 
su

bs
ys

tem
s t

o t
he

 m
ain

 ro
bo

t c
on

tro
l s

ys
tem

. F
or

 
ex

am
ple

, a
 ro

bo
tic

s e
xp

an
sio

n b
oa

rd
 m

igh
t in

clu
de

 m
oto

r 
dr

ive
rs,

 se
ns

or
s, 

co
mm

un
ica

tio
n i

nte
rfa

ce
s, 

or
 

sp
ec

ial
ize

d p
ro

ce
ss

or
s t

ail
or

ed
 fo

r r
ob

oti
c a

pp
lic

ati
on

s. 
Th

es
e e

xp
an

sio
n b

oa
rd

s s
tre

am
lin

e t
he

 in
teg

ra
tio

n o
f 

es
se

nti
al 

ha
rd

wa
re

 co
mp

on
en

ts,
 m

ak
ing

 it 
ea

sie
r f

or
 

en
gin

ee
rs 

an
d e

nth
us

ias
ts 

to 
bu

ild
, c

us
tom

ize
, a

nd
 

co
ntr

ol 
ro

bo
tic

 sy
ste

ms
 ef

fic
ien

tly
. 

 
Ex

am
pl

e:
 M

icr
oc

on
tro

lle
r 

co
nn

ec
te

d 
to

 an
 ex

pa
ns

io
n 

bo
ar

d  

 Co
mp

on
en

ts 
for

 us
e i

n e
lem

en
tar

y p
ro

jec
ts 

inc
lud

e a
ll p

re
vio

us
 co

mp
on

en
ts 

(e
xc

lud
ing

 se
ns

or
s a

nd
 se

rvo
s (

for
 br

ea
db

oa
rd

 p
ro

tot
yp

ing
)) 

PL
US

 
Co

m
po

ne
nt

 
Ba

sic
 d

ef
in

iti
on

 
Pu

rp
os

e 
Pr

ac
tic

al 
ap

pl
ica

tio
n 

ex
am

pl
e –

 M
ay

 b
e u

se
d 

to
:  

DC
 M

oto
rs 

 
 

El
ec

tric
 m

oto
rs 

tha
t o

pe
ra

te 
on

 di
re

ct 
cu

rre
nt 

(D
C)

 po
we

r. 
Pr

ov
ide

 m
oti

on
 to

 va
rio

us
 pa

rts
 

of 
a r

ob
ot,

 su
ch

 as
 w

he
els

, 
ar

ms
, o

r g
rip

pe
rs.

 

Po
we

rs 
ro

bo
t m

ov
em

en
t, i

nc
lud

ing
 w

he
el 

pr
op

uls
ion

, a
rm

 ar
tic

ula
tio

n, 
an

d c
on

ve
yo

r s
ys

tem
s. 

Po
lar

ize
d C

ap
ac

ito
r 

 

An
 el

ec
tric

al 
co

mp
on

en
t th

at 
sto

re
s a

nd
 

re
lea

se
s e

lec
tric

al 
en

er
gy

. 
Us

ed
 to

 fil
ter

, s
tab

iliz
e, 

or
 st

or
e 

ele
ctr

ica
l e

ne
rg

y i
n v

ar
iou

s r
ob

ot 
cir

cu
its

. 

St
ab

iliz
es

 vo
lta

ge
 le

ve
ls,

 re
du

ce
s n

ois
e, 

an
d s

tor
es

 en
er

gy
 in

 va
rio

us
 

ro
bo

t c
irc

uit
s. 

Po
ten

tio
me

ter
  

 

A 
po

ten
tio

me
ter

 is
 a 

thr
ee

-te
rm

ina
l 

va
ria

ble
 re

sis
tor

 th
at 

all
ow

s m
an

ua
l 

ad
jus

tm
en

t o
f it

s r
es

ist
an

ce
, ty

pic
all

y b
y 

ro
tat

ing
 a 

kn
ob

 or
 sl

ide
r. 

It p
ro

du
ce

s a
 

va
ryi

ng
 vo

lta
ge

 ou
tpu

t b
etw

ee
n i

ts 
ter

mi
na

ls 
as

 th
e k

no
b i

s t
ur

ne
d, 

wh
ich

 is
 

pr
op

or
tio

na
l to

 th
e p

hy
sic

al 
po

sit
ion

 of
 th

e 
kn

ob
. 

Po
ten

tio
me

ter
s a

re
 us

ed
 to

 
co

ntr
ol 

an
d v

ar
y e

lec
tric

al 
re

sis
tan

ce
 in

 a 
cir

cu
it. 

Th
ey

 
en

ab
le 

us
er

s t
o a

dju
st 

an
d f

ine
-

tun
e p

ar
am

ete
rs 

lik
e v

olu
me

, 
br

igh
tne

ss
, s

pe
ed

, o
r p

os
itio

n i
n 

va
rio

us
 el

ec
tro

nic
 de

vic
es

. 

In 
ro

bo
tic

s, 
po

ten
tio

me
ter

s f
ind

 ap
pli

ca
tio

n i
n c

on
tro

l s
ys

tem
s, 

es
pe

cia
lly

 fo
r m

ec
ha

nis
ms

 w
he

re
 pr

ec
ise

 ad
jus

tm
en

ts 
ar

e r
eq

uir
ed

. 
Fo

r in
sta

nc
e, 

po
ten

tio
me

ter
s c

an
 be

 us
ed

 in
 ro

bo
tic

 ar
ms

 to
 

de
ter

mi
ne

 th
e a

ng
le 

or
 po

sit
ion

 of
 a 

joi
nt,

 al
low

ing
 th

e r
ob

ot 
to

 
ac

cu
ra

tel
y c

on
tro

l th
e m

ov
em

en
t o

f it
s l

im
bs

. P
ote

nti
om

ete
rs 

ca
n a

lso
 

be
 em

plo
ye

d i
n u

se
r in

ter
fac

es
, e

na
bli

ng
 m

an
ua

l in
pu

t fo
r t

as
ks

 lik
e 

ro
bo

t a
rm

 po
sit

ion
ing

, g
rip

pe
r c

on
tro

l, o
r s

ett
ing

 op
er

ati
ng

 
pa

ra
me

ter
s. 

Ex
ter

na
l D

C 
Po

we
r 

So
ur

ce
 (e

.g.
, B

att
er

ies
) 

 

An
 in

de
pe

nd
en

t s
ou

rce
 of

 el
ec

tric
al 

po
we

r, 
typ

ica
lly

 in
 th

e f
or

m 
of 

ba
tte

rie
s. 

Pr
ov

ide
s t

he
 pr

im
ar

y s
ou

rce
 of

 
en

er
gy

 to
 dr

ive
 al

l ro
bo

t 
co

mp
on

en
ts 

an
d s

ys
tem

s. 

Pr
ov

ide
s t

he
 ne

ce
ss

ar
y e

ne
rg

y t
o o

pe
ra

te 
the

 ro
bo

t's
 co

mp
on

en
ts 

an
d s

ys
tem

s. 

 

NO
TE

:  
Fo

r a
ll p

ro
jec

ts
 an

d 
ex

pe
rim

en
ts

 in
 gr

ad
e 8

, th
e l

ea
rn

er
s 

m
us

t b
e i

ns
tru

ct
ed

/g
ui

de
d 

in 
ter

ms
 of

 w
hic

h p
ins

 to
 us

e f
or

 
the

 ap
pli

ca
ble

 pr
oje

cts
.  

 

Co
nt

en
t (

Gr
ad

e 8
 / T

er
m

 1)
 

No
te

s/E
xa

m
pl

es
 

Ex
am

pl
e 1

: S
im

pl
e e

lec
tro

ni
c c

irc
ui

t t
o 

sh
ow

 th
e f

un
ct

io
ni

ng
 o

f a
 P

iR
 se

ns
or

. 

 
 

Ex
am

pl
e 2

: S
im

pl
e e

lec
tro

ni
c c

irc
ui

t b
ui

lt 
fro

m
 g

ive
n 

br
ea

db
oa

rd
 ci

rc
ui

t d
iag

ra
m

. T
he

 sp
ee

d 
of

 th
e D

C 
m

ot
or

 an
d 

br
ig

ht
ne

ss
 o

f t
he

 L
ED

 is
 re

gu
lat

ed
 w

ith
 

th
e p

ot
en

tio
m

et
er

.  

 
Br

ea
db

oa
rd

 de
sig

n (
giv

en
 to

 le
ar

ne
rs)

  

 
Eq

uiv
ale

nt 
bu

ild
 by

 le
ar

ne
r (

In 
thi

s e
xa

mp
le 

the
 le

ar
ne

r d
ec

ide
d t

o a
dd

 a 
sw

itc
h)

 
 Sa

mp
le 

Ex
pa

ns
ion

 bo
ar

d 

 
Ex

pa
ns

ion
 bo

ar
d w

ith
 br

ea
db

oa
rd

 
 

Ex
am

ple
 of

 ex
pa

ns
ion

 bo
ar

d w
ith

 
se

ns
or

s c
on

ne
cte

d. 
 

 
T-

Ty
pe

 ex
pa

ns
ion

 bo
ar

d 
Al

so
 se

e: 
htt

ps
://t

ink
er

ca
de

my
.co

m/
tut

or
ial

s/m
icr

ob
it-

br
ea

ko
ut-

bo
ar

d/ 
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o p
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s p
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g c
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, a
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id 
ite

ra
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d d
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f c
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r p
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d o
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atf
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r s
pe

cif
ic 

ap
pli

ca
tio

ns
. 

Th
e p

rim
ar

y p
ur

po
se

 
of 

an
 ex

pa
ns

ion
 bo

ar
d 

is 
to 

ex
ten

d t
he

 
ca

pa
bil

itie
s o

f th
e m

ain
 

pla
tfo

rm
, a

dd
ing

 
sp

ec
ial

ize
d f

ea
tur

es
 or

 
co

mp
on

en
ts 

to 
en

ha
nc

e i
ts 

fun
cti

on
ali

ty.
 

In 
ro

bo
tic

s, 
ex

pa
ns

ion
 bo

ar
ds

 ar
e c

om
mo

nly
 us

ed
 to

 
sim

pli
fy 

the
 co

nn
ec

tio
n o

f s
pe

cif
ic 

co
mp

on
en

ts 
or

 
su

bs
ys

tem
s t

o t
he

 m
ain

 ro
bo

t c
on

tro
l s

ys
tem

. F
or

 
ex

am
ple

, a
 ro

bo
tic

s e
xp

an
sio

n b
oa

rd
 m

igh
t in

clu
de

 m
oto

r 
dr

ive
rs,

 se
ns

or
s, 

co
mm

un
ica

tio
n i

nte
rfa

ce
s, 

or
 

sp
ec

ial
ize

d p
ro

ce
ss

or
s t

ail
or

ed
 fo

r r
ob

oti
c a

pp
lic

ati
on

s. 
Th

es
e e

xp
an

sio
n b

oa
rd

s s
tre

am
lin

e t
he

 in
teg

ra
tio

n o
f 

es
se

nti
al 

ha
rd

wa
re

 co
mp

on
en

ts,
 m

ak
ing

 it 
ea

sie
r f

or
 

en
gin

ee
rs 

an
d e

nth
us

ias
ts 

to 
bu

ild
, c

us
tom

ize
, a

nd
 

co
ntr

ol 
ro

bo
tic

 sy
ste

ms
 ef

fic
ien

tly
. 

 
Ex

am
pl

e:
 M

icr
oc

on
tro

lle
r 

co
nn

ec
te

d 
to

 an
 ex

pa
ns

io
n 

bo
ar

d 

 Co
mp

on
en

ts 
for

 us
e i

n e
lem

en
tar

y p
ro

jec
ts 

inc
lud

e a
ll p

re
vio

us
 co

mp
on

en
ts 

(e
xc

lud
ing

 se
ns

or
s a

nd
 se

rvo
s (

for
 br

ea
db

oa
rd

 p
ro

tot
yp

ing
)) 

PL
US

 
Co

m
po

ne
nt

 
Ba

sic
 d

ef
in

iti
on

 
Pu

rp
os

e 
Pr

ac
tic

al 
ap

pl
ica

tio
n 

ex
am

pl
e –

 M
ay

 b
e u

se
d 

to
:  

DC
 M

oto
rs 

 
 

El
ec

tric
 m

oto
rs 

tha
t o

pe
ra

te 
on

 di
re

ct 
cu

rre
nt 

(D
C)

 po
we

r. 
Pr

ov
ide

 m
oti

on
 to

 va
rio

us
 pa

rts
 

of 
a r

ob
ot,

 su
ch

 as
 w

he
els

, 
ar

ms
, o

r g
rip

pe
rs.

 

Po
we

rs 
ro

bo
t m

ov
em

en
t, i

nc
lud

ing
 w

he
el 

pr
op

uls
ion

, a
rm

 ar
tic

ula
tio

n, 
an

d c
on

ve
yo

r s
ys

tem
s. 

Po
lar

ize
d C

ap
ac

ito
r 

 

An
 el

ec
tric

al 
co

mp
on

en
t th

at 
sto

re
s a

nd
 

re
lea

se
s e

lec
tric

al 
en

er
gy

. 
Us

ed
 to

 fil
ter

, s
tab

iliz
e, 

or
 st

or
e 

ele
ctr

ica
l e

ne
rg

y i
n v

ar
iou

s r
ob

ot 
cir

cu
its

. 

St
ab

iliz
es

 vo
lta

ge
 le

ve
ls,

 re
du

ce
s n

ois
e, 

an
d s

tor
es

 en
er

gy
 in

 va
rio

us
 

ro
bo

t c
irc

uit
s. 

Po
ten

tio
me

ter
  

 

A 
po

ten
tio

me
ter

 is
 a 

thr
ee

-te
rm

ina
l 

va
ria

ble
 re

sis
tor

 th
at 

all
ow

s m
an

ua
l 

ad
jus

tm
en

t o
f it

s r
es

ist
an

ce
, ty

pic
all

y b
y 

ro
tat

ing
 a 

kn
ob

 or
 sl

ide
r. 

It p
ro

du
ce

s a
 

va
ryi

ng
 vo

lta
ge

 ou
tpu

t b
etw

ee
n i

ts 
ter

mi
na

ls 
as

 th
e k

no
b i

s t
ur

ne
d, 

wh
ich

 is
 

pr
op

or
tio

na
l to

 th
e p

hy
sic

al 
po

sit
ion

 of
 th

e 
kn

ob
. 

Po
ten

tio
me

ter
s a

re
 us

ed
 to

 
co

ntr
ol 

an
d v

ar
y e

lec
tric

al 
re

sis
tan

ce
 in

 a 
cir

cu
it. 

Th
ey

 
en

ab
le 

us
er

s t
o a

dju
st 

an
d f

ine
-

tun
e p

ar
am

ete
rs 

lik
e v

olu
me

, 
br

igh
tne

ss
, s

pe
ed

, o
r p

os
itio

n i
n 

va
rio

us
 el

ec
tro

nic
 de

vic
es

. 

In 
ro

bo
tic

s, 
po

ten
tio

me
ter

s f
ind

 ap
pli

ca
tio

n i
n c

on
tro

l s
ys

tem
s, 

es
pe

cia
lly

 fo
r m

ec
ha

nis
ms

 w
he

re
 pr

ec
ise

 ad
jus

tm
en

ts 
ar

e r
eq

uir
ed

. 
Fo

r in
sta

nc
e, 

po
ten

tio
me

ter
s c

an
 be

 us
ed

 in
 ro

bo
tic

 ar
ms

 to
 

de
ter

mi
ne

 th
e a

ng
le 

or
 po

sit
ion

 of
 a 

joi
nt,

 al
low

ing
 th

e r
ob

ot 
to

 
ac

cu
ra

tel
y c

on
tro

l th
e m

ov
em

en
t o

f it
s l

im
bs

. P
ote

nti
om

ete
rs 

ca
n a

lso
 

be
 em

plo
ye

d i
n u

se
r in

ter
fac

es
, e

na
bli

ng
 m

an
ua

l in
pu

t fo
r t

as
ks

 lik
e 

ro
bo

t a
rm

 po
sit

ion
ing

, g
rip

pe
r c

on
tro

l, o
r s

ett
ing

 op
er

ati
ng

 
pa

ra
me

ter
s. 

Ex
ter

na
l D

C 
Po

we
r 

So
ur

ce
 (e

.g.
, B

att
er

ies
) 

 

An
 in

de
pe

nd
en

t s
ou

rce
 of

 el
ec

tric
al 

po
we

r, 
typ

ica
lly

 in
 th

e f
or

m 
of 

ba
tte

rie
s. 

Pr
ov

ide
s t

he
 pr

im
ar

y s
ou

rce
 of

 
en

er
gy

 to
 dr

ive
 al

l ro
bo

t 
co

mp
on

en
ts 

an
d s

ys
tem

s. 

Pr
ov

ide
s t

he
 ne

ce
ss

ar
y e

ne
rg

y t
o o

pe
ra

te 
the

 ro
bo

t's
 co

mp
on

en
ts 

an
d s

ys
tem

s. 

 

NO
TE

:  
Fo

r a
ll p

ro
jec

ts
 an

d 
ex

pe
rim

en
ts

 in
 gr

ad
e 8

, th
e l

ea
rn

er
s 

m
us

t b
e i

ns
tru

ct
ed

/g
ui

de
d 

in 
ter

ms
 of

 w
hic

h p
ins

 to
 us

e f
or

 
the

 ap
pli

ca
ble

 pr
oje

cts
.  

 

Co
nt

en
t (

Gr
ad

e 8
 / T

er
m

 1)
 

No
te

s/E
xa

m
pl

es
 

Ex
am

pl
e 1

: S
im

pl
e e

lec
tro

ni
c c

irc
ui

t t
o 

sh
ow

 th
e f

un
ct

io
ni

ng
 o

f a
 P

iR
 se

ns
or

. 

 
 

Ex
am

pl
e 2

: S
im

pl
e e

lec
tro

ni
c c

irc
ui

t b
ui

lt 
fro

m
 g

ive
n 

br
ea

db
oa

rd
 ci

rc
ui

t d
iag

ra
m

. T
he

 sp
ee

d 
of

 th
e D

C 
m

ot
or

 an
d 

br
ig

ht
ne

ss
 o

f t
he

 L
ED

 is
 re

gu
lat

ed
 w

ith
 

th
e p

ot
en

tio
m

et
er

.  

 
Br

ea
db

oa
rd

 de
sig

n (
giv

en
 to

 le
ar

ne
rs)

  

 
Eq

uiv
ale

nt 
bu

ild
 by

 le
ar

ne
r (

In 
thi

s e
xa

mp
le 

the
 le

ar
ne

r d
ec

ide
d t

o a
dd

 a 
sw

itc
h)

 
 Sa

mp
le 

Ex
pa

ns
ion

 bo
ar

d 

 
Ex

pa
ns

ion
 bo

ar
d w

ith
 br

ea
db

oa
rd

 
 

Ex
am

ple
 of

 ex
pa

ns
ion

 bo
ar

d w
ith

 
se

ns
or

s c
on

ne
cte

d. 
 

 
T-

Ty
pe

 ex
pa

ns
ion

 bo
ar

d 
Al

so
 se

e: 
htt

ps
://t

ink
er

ca
de

my
.co

m/
tut

or
ial

s/m
icr

ob
it-

br
ea

ko
ut-

bo
ar

d/ 
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Co
nt

en
t (

Gr
ad

e 8
 / T

er
m

 1)
 

No
te

s/E
xa

m
pl

es
 

 
R.

5 D
es

ig
n 

a s
im

pl
e a

rte
fa

ct
 b

as
ed

 o
n 

a s
et

 o
f d

es
ig

n 
in

st
ru

ct
io

ns
 

Li
nk

 to
 R

.5 
an

d 
R.

6 a
re

 d
on

e t
og

et
he

r 
R.

6  
Th

e l
ea

rn
er

s n
ee

d t
o b

e a
ble

 to
 ou

tlin
e t

he
 di

ffe
re

nc
e i

n t
he

 
fun

cti
on

ing
 an

d o
pe

ra
tio

n o
f a

 P
IR

 se
ns

or
 as

 op
po

se
d t

o a
n 

ult
ra

so
nic

 se
ns

or
. 

Th
e l

ea
rn

er
s a

lso
 ne

ed
 to

 un
de

rst
an

d h
ow

 th
e v

ar
iou

s p
ins

 
on

 ea
ch

 of
 th

e s
en

so
rs 

ar
e u

se
d. 

 
                        

Ul
tra

so
ni

c a
nd

 P
IR

 fu
nc

tio
na

l o
pe

ra
tio

n 
PI

R 
Se

ns
or

 
Ul

tra
so

ni
c s

en
so

r 

 

 
So

ur
ce

: 
htt

ps
://o

so
yo

o.c
om

/20
19

/01
/23

/gr
ap

hic
al-

pr
og

ra
mm

ing
-tu

tor
ial

-fo
r-a

rd
uin

o-
pir

-m
oti

on
-

se
ns

or
/  

 
So

ur
ce

: h
ttp

s:/
/da

tas
he

eth
ub

.co
m/

hc
-sr

50
1-

pir
-m

oti
on

-se
ns

or
-m

od
ule

/  

PI
R 

se
ns

or
s w

or
k b

as
ed

 on
 de

tec
tin

g c
ha

ng
es

 in
 

inf
ra

re
d r

ad
iat

ion
 em

itte
d b

y o
bje

cts
. 

Th
ey

 co
nta

in 
a p

as
siv

e s
en

so
r t

ha
t d

ete
cts

 he
at 

(in
fra

re
d r

ad
iat

ion
) e

mi
tte

d b
y o

bje
cts

 in
 th

eir
 fie

ld 
of 

vie
w.

 
W

he
n a

 w
ar

m 
ob

jec
t m

ov
es

 ac
ro

ss
 th

e s
en

so
r's

 
de

tec
tio

n z
on

e, 
it g

en
er

ate
s a

 ch
an

ge
 in

 th
e d

ete
cte

d 
inf

ra
re

d r
ad

iat
ion

, tr
igg

er
ing

 th
e s

en
so

r. 
 Ty

pi
ca

l p
in

s o
n 

a P
IR

 
 V

CC
 (P

ow
er

 S
up

ply
): 

 T
his

 pi
n i

s u
se

d t
o c

on
ne

ct 
the

 P
IR

 se
ns

or
 to

 th
e p

ow
er

 su
pp

ly.
 It 

typ
ica

lly
 

op
er

ate
s a

t a
 vo

lta
ge

 of
 3.

3V
 or

 5V
, d

ep
en

din
g o

n 
the

 se
ns

or
's 

sp
ec

ific
ati

on
s. 

 O
UT

 (O
utp

ut)
:  T

he
 O

UT
 pi

n i
s w

he
re

 th
e s

en
so

r 
se

nd
s i

ts 
ou

tpu
t s

ign
al.

 W
he

n m
oti

on
 is

 de
tec

ted
, 

thi
s p

in 
typ

ica
lly

 go
es

 hi
gh

 (lo
gic

 le
ve

l H
IG

H)
 or

 lo
w 

(lo
gic

 le
ve

l L
OW

), 
de

pe
nd

ing
 on

 th
e s

en
so

r's
 

co
nfi

gu
ra

tio
n. 

 G
ND

 (G
ro

un
d)

: T
his

 pi
n i

s c
on

ne
cte

d t
o t

he
 gr

ou
nd

 
or

 0V
 re

fer
en

ce
 of

 th
e p

ow
er

 su
pp

ly.
 

 

  
So

ur
ce

: 
htt

ps
://h

ow
tom

ec
ha

tro
nic

s.c
om

/tu
tor

ial
s /A

rd
uin

o/u
ltra

so
nic

-s
en

so
r-h

c-s
r0

4/ 

 
So

ur
ce

: ht
tps

://w
ww

.ci
rcu

its
-

diy
.co

m/
hc

-sr
04

-u
ltra

so
nic

-d
ist

an
ce

-
se

ns
or

/  

Ul
tra

so
nic

 se
ns

or
s u

se
 so

un
d w

av
es

 (u
ltra

so
nic

 
pu

lse
s) 

to 
de

tec
t th

e p
re

se
nc

e o
f o

bje
cts

. 
Th

es
e s

en
so

rs 
em

it h
igh

-fr
eq

ue
nc

y s
ou

nd
 w

av
es

 an
d 

me
as

ur
e t

he
 tim

e i
t ta

ke
s f

or
 th

e w
av

es
 to

 bo
un

ce
 

ba
ck

 af
ter

 hi
ttin

g a
n o

bje
ct.

 
By

 ca
lcu

lat
ing

 th
e t

im
e t

ak
en

 fo
r t

he
 so

un
d w

av
es

 to
 

re
tur

n, 
the

 se
ns

or
 ca

n d
ete

rm
ine

 th
e d

ist
an

ce
 to

 th
e 

ob
jec

t a
nd

 de
tec

t m
oti

on
 ba

se
d o

n c
ha

ng
es

 in
 th

is 
dis

tan
ce

. 
 Ty

pi
ca

l p
in

s o
n 

an
 U

ltr
as

on
ic 

Se
ns

or
 

 
 V

CC
 (P

ow
er

 S
up

ply
): 

Lik
e P

IR
 se

ns
or

s, 
the

 V
CC

 
pin

 is
 us

ed
 to

 co
nn

ec
t th

e u
ltra

so
nic

 se
ns

or
 to

 
the

 po
we

r s
up

ply
. It

 ty
pic

all
y o

pe
ra

tes
 at

 a 
vo

lta
ge

 of
 3.

3V
 or

 5V
. 

 T
rig

ge
r (

or
 T

RI
G)

:  T
he

 T
rig

ge
r p

in 
is 

us
ed

 to
 

ini
tia

te 
the

 ul
tra

so
nic

 m
ea

su
re

me
nt.

 W
he

n y
ou

 
se

nd
 a 

br
ief

 hi
gh

-le
ve

l p
uls

e (
typ

ica
lly

 10
 

mi
cro

se
co

nd
s) 

to 
thi

s p
in,

 th
e s

en
so

r e
mi

ts 
an

 
ult

ra
so

nic
 so

un
d p

uls
e. 

 E
ch

o: 
Th

e E
ch

o p
in 

is 
wh

er
e t

he
 se

ns
or

 se
nd

s a
 

sig
na

l b
ac

k a
fte

r it
 ha

s r
ec

eiv
ed

 th
e u

ltra
so

nic
 

pu
lse

 an
d d

ete
cte

d t
he

 re
fle

cti
on

 fr
om

 an
 ob

jec
t. 

Th
e d

ur
ati

on
 of

 th
e p

uls
e o

n t
his

 pi
n i

s 
pr

op
or

tio
na

l to
 th

e d
ist

an
ce

 to
 th

e o
bje

ct.
 

 
GN

D 
(G

ro
un

d)
: T

he
 G

ND
 pi

n i
s c

on
ne

cte
d t

o t
he

 
gr

ou
nd

 or
 0V

 re
fer

en
ce

 of
 th

e p
ow

er
 su

pp
ly.

 
 

No
tes

:  
Br

ea
ko

ut/
Ex

pa
ns

ion
 b

oa
rd

s a
re

 ha
rd

wa
re

 co
mp

on
en

ts 
tha

t e
nh

an
ce

 th
e c

ap
ab

ilit
ies

 of
 a 

mi
cro

co
ntr

oll
er

 or
 si

ng
le

-b
oa

rd
 co

m
pu

ter
 lik

e t
he

 m
icr

o:b
it. 

Th
ey

 ar
e w

ide
ly 

us
ed

 in
 ro

bo
tic

s a
nd

 ph
ys

ica
l 

co
mp

uti
ng

 pr
oje

cts
 to

 si
mp

lify
 ha

rd
wa

re
 co

nn
ec

tio
ns

, e
xte

nd
 fu

nc
tio

na
lity

, a
nd

 en
ab

le 
mo

re
 co

m
ple

x p
ro

jec
ts.

 
 Th

e m
ain

 pu
rp

os
es

 of
 an

 ex
pa

ns
ion

 bo
ar

d f
or

 m
icr

oc
on

tro
lle

rs 
ar

e: 
▪ 

Ha
rd

wa
re

 co
m

pa
tib

ilit
y:

 B
re

ak
ou

t b
oa

rd
s m

ak
e i

t e
as

y t
o c

on
ne

ct 
va

rio
us

 ha
rd

wa
re

 co
m

po
ne

nts
 su

ch
 as

 se
ns

or
s, 

m
oto

rs,
 di

sp
lay

s, 
an

d m
or

e t
o t

he
 m

icr
oc

on
tro

lle
rs.

 
▪ 

Ea
se

 o
f u

se
: B

re
ak

ou
t b

oa
rd

s s
im

pli
fy 

the
 pr

oc
es

s o
f c

on
ne

cti
ng

 an
d d

isc
on

ne
cti

ng
 ha

rd
wa

re
 co

mp
on

en
ts.

 
▪ 

Pr
ot

ec
tio

n:
 M

an
y e

xp
an

sio
n b

oa
rd

s p
ro

vid
e p

ro
tec

tio
n f

or
 th

e m
icr

oc
on

tro
lle

rs 
by

 of
fer

ing
 vo

lta
ge

 re
gu

lat
ion

 an
d c

ur
re

nt 
lim

itin
g.

 
▪ 

Si
gn

al 
co

nd
iti

on
in

g:
 S

om
e b

re
ak

ou
t b

oa
rd

s i
nc

lud
e s

ign
al 

co
nd

itio
nin

g c
irc

uit
ry 

tha
t c

an
 fil

ter
 or

 am
pli

fy 
se

ns
or

 in
pu

ts.
 

▪ 
I/O

 ex
pa

ns
io

n:
 m

icr
oc

on
tro

lle
rs 

ha
ve

 a 
lim

ite
d n

um
be

r o
f I/

O 
pin

s. 
Ex

pa
ns

ion
 bo

ar
ds

 of
ten

 pr
ov

ide
 ad

dit
ion

al 
GP

IO
 pi

ns
, a

llo
wi

ng
 yo

u t
o c

on
ne

ct 
m

or
e c

om
po

ne
nts

 si
mu

lta
ne

ou
sly

. 
▪ 

Sp
ec

ial
ize

d 
fu

nc
tio

ns
: E

xp
an

sio
n b

oa
rd

s c
an

 in
clu

de
 sp

ec
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uc
tio

ns
) a

nd
 th

e o
rd

er
 in

 w
hic

h 
the

y m
us

t b
e d

on
e. 

W
he

n d
ev

elo
pin

g a
n a

lgo
rith

m,
 ea

ch
 in

str
uc

tio
n i

s 
ide

nti
fie

d a
nd

 th
e s

eq
ue

nc
e i

n w
hic

h t
he

 in
str

uc
tio

ns
 

ar
e c

ar
rie

d o
ut,

 is
 pl

an
ne

d a
nd

 m
us

t b
e l

og
ica

l.
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3.
2.

2 
Te

rm
 2

 

Co
nt

en
t (

Gr
ad

e 8
 / T

er
m

 2)
 

No
te

s/E
xa

m
pl

es
 

Co
di

ng
 

 
C.

1 A
pp

ly 
co

m
pu

ta
tio

na
l t

hi
nk

in
g 

(C
T)

 sk
ills

 to
 d

ev
elo

p 
a s

et
 o

f l
og

ica
l in

st
ru

ct
io

ns
 to

 so
lve

 a 
pr

ob
lem

. 
Li

nk
 to

 C
.1 

– C
.7 

Ex
am

pl
e a

ct
ivi

ty
 

Di
vid

e l
ea

rn
er

s i
nto

 pa
irs

. 
Ea

ch
 pa

ir s
olv

es
 th

e f
oll

ow
ing

 pr
ob

lem
 us

ing
 co

mp
uta

tio
na

l th
ink

ing
. 

Pr
ob

lem
: 

Yo
u n

ee
d t

o f
ind

 a 
pic

tur
e o

n t
he

 In
ter

ne
t w

hic
h y

ou
 w

an
t to

 us
e a

s a
 sp

rite
 in

 yo
ur

 bl
oc

k-
ba

se
d 

ap
pli

ca
tio

n. 
Us

e c
om

pu
tat

ion
al 

thi
nk

ing
 to

 de
sc

rib
e t

he
 st

ep
s y

ou
 w

ill 
fol

low
 (d

ev
elo

p a
n a

lgo
rith

m)
 to

 re
ali

se
 

thi
s. 

Ta
ke

 no
te 

of 
the

 ch
ar

ac
ter

ist
ics

 of
 a 

go
od

 al
go

rith
m 

wh
en

 de
sig

nin
g y

ou
r in

str
uc

tio
ns

. 
 Pa

irs
 sw

op
 in

str
uc

tio
ns

/al
go

rith
ms

 an
d t

es
t to

 se
e i

f th
e o

the
r p

air
’s 

ins
tru

cti
on

s w
or

k c
or

re
ctl

y. 
Th

ey
 

no
w 

ac
t a

 s 
the

 co
mp

ute
r a

nd
 fo

llo
ws

 th
e i

ns
tru

cti
on

s t
o t

he
 le

tte
r. 

Ea
ch

 pa
ir a

dd
s c

om
me

nts
 fo

r t
he

 
oth

er
 pa

ir, 
if n

ec
es

sa
ry,

 to
 fix

 or
 im

pr
ov

e t
he

ir 
ins

tru
cti

on
s. 

 Pa
irs

 re
tur

n t
ur

n t
he

 in
str

uc
tio

ns
 w

ith
 co

mm
en

ts 
to 

the
 or

igi
na

l p
air

 to
 fix

 or
 im

pr
ov

e i
f n

ec
es

sa
ry.

 

Re
m

em
be

r 
Se

qu
en

ce
 an

d 
de

ta
il 

Se
qu

en
cin

g 
is 

pu
ttin

g e
ve

nts
 or

 in
for

ma
tio

n i
n a

 sp
ec

ific
 

or
de

r. 
It i

s t
he

 sk
ill 

tha
t h

elp
s y

ou
 to

 pl
an

 w
ha

t s
tep

s t
o t

ak
e 

to
 pe

rfo
rm

 a 
tas

k s
uc

ce
ss

ful
ly.

 
De

ta
il m

ea
ns

 co
ns

ide
rin

g e
ve

ry 
as

pe
ct 

or
 m

ino
r p

ar
t o

f 
so

me
thi

ng
. It

 is
 to

 de
sc

rib
e o

r g
ive

 ex
ac

t in
for

ma
tio

n a
bo

ut 
so

me
thi

ng
. T

he
 st

ep
s o

r in
str

uc
tio

ns
 to

 pe
rfo

rm
 a 

tas
k n

ee
d 

to 
be

 un
am

big
uo

us
 –

 th
ey

 ne
ed

 to
 be

 pr
ec

ise
 an

d c
lea

r t
o 

av
oid

 m
isi

nte
rp

re
tat

ion
 or

 di
ffe

re
nt 

int
er

pr
eta

tio
ns

 by
 di

ffe
re

nt 
pe

op
le.

 
Ho

w 
ar

e s
eq

ue
nc

e a
nd

 d
et

ail
 h

elp
fu

l?
 

In 
se

qu
en

cin
g,

 w
e l

ea
rn

 ab
ou

t p
att

er
ns

 in
 re

lat
ion

sh
ips

. W
e 

als
o l

ea
rn

 to
 un

de
rst

an
d t

he
 or

de
r o

f th
ing

s. 
By

 le
ar

nin
g t

o 
se

qu
en

ce
, w

e d
ev

elo
p t

he
 ab

ilit
y t

o u
nd

er
sta

nd
 an

d a
rra

ng
e 

pu
rp

os
efu

l p
att

er
ns

 of
 ac

tio
ns

, b
eh

av
iou

rs,
 id

ea
s, 

or
 

tho
ug

hts
. 

At
ten

tio
n t

o d
et

ail
 is

 im
po

rta
nt 

be
ca

us
e i

t h
elp

s p
re

ve
nt 

mi
sta

ke
s a

nd
 en

su
re

s t
he

 su
cc

es
sfu

l c
om

ple
tio

n o
f a

 ta
sk

. 
C.

2 P
re

se
nt

 a 
sim

pl
e c

od
in

g 
so

lu
tio

n 
us

in
g 

sy
m

bo
lic

 o
r w

rit
te

n 
st

at
em

en
ts

 re
pr

es
en

tin
g 

se
qu

en
ce

s o
f c

om
m

an
ds

, s
in

gl
e r

ep
et

iti
on

, a
nd

 co
nd

iti
on

al 
co

ns
tru

ct
s. 

Li
nk

 to
 C

.1 
C.

3 –
 C

.7 

An
 al

go
rit

hm
 is

 an
 or

de
re

d l
ist

 of
 w

ell
-d

efi
ne

d s
tep

s o
r 

ins
tru

cti
on

s t
ha

t y
ou

 ca
n f

oll
ow

 to
 pe

rfo
rm

 a 
tas

k o
r 

so
lve

 a 
pr

ob
lem

. 
Th

es
e i

ns
tru

cti
on

s a
re

 of
ten

 ex
pr

es
se

d a
s s

om
eth

ing
 

tha
t h

um
an

s c
an

 un
de

rst
an

d. 
Ev

en
tua

lly
, th

es
e 

ins
tru

cti
on

s m
us

t b
e t

ra
ns

lat
ed

 in
to 

a s
eq

ue
nc

e o
f 

co
mp

ute
r in

str
uc

tio
ns

 us
ing

 en
ou

gh
 de

tai
l s

o t
he

 
co

mp
ute

r c
an

 ex
ec

ute
 th

e i
ns

tru
cti

on
s. 

 De
ve

lo
pi

ng
 an

 al
go

rit
hm

 
To

 de
ve

lop
 an

 al
go

rith
m,

 yo
u m

us
t id

en
tify

 w
ha

t n
ee

ds
 

to 
be

 do
ne

 (t
he

 in
str

uc
tio

ns
) a

nd
 th

e o
rd

er
 in

 w
hic

h 
the

y m
us

t b
e d

on
e. 

W
he

n d
ev

elo
pin

g a
n a

lgo
rith

m,
 ea

ch
 in

str
uc

tio
n i

s 
ide

nti
fie

d a
nd

 th
e s

eq
ue

nc
e i

n w
hic

h t
he

 in
str

uc
tio

ns
 

ar
e c

ar
rie

d o
ut,

 is
 pl

an
ne

d a
nd

 m
us

t b
e l

og
ica

l.

Co
nt

en
t (

Gr
ad

e 8
 / T

er
m

 2)
 

No
te

s/E
xa

m
pl

es
 

Ex
am

pl
e a

ct
ivi

ty
 1 

Yo
u w

an
t to

 ex
pla

in 
to 

yo
ur

 yo
un

ge
r b

ro
the

r h
ow

 to
 de

ter
mi

ne
 w

he
the

r y
ou

 pa
ss

 a 
tes

t. Y
ou

 w
ro

te 
do

wn
 th

e f
oll

ow
ing

 m
ain

 st
ep

s: 
 

1. 
Ge

t th
e t

es
t m

ar
k (

ma
rk 

ob
tai

ne
d f

or
 te

st)
 

2. 
Ge

t th
e t

es
t to

tal
 (T

ota
l m

ar
ks

 fo
r t

es
t) 

3. 
Ca

lcu
lat

e t
he

 pe
rce

nta
ge

 
4. 

If p
er

ce
nta

ge
 is

 m
or

e t
ha

n 3
0, 

yo
u h

av
e p

as
se

d, 
els

e y
ou

 ha
ve

 fa
ile

d 
 St

ud
y t

he
 fo

llo
wi

ng
 IP

O 
tab

le 
an

d d
ete

rm
ine

 if 
the

 al
go

rith
m 

is 
co

rre
ct 

 
Yo

u c
an

 re
pr

es
en

t th
e a

bo
ve

 in
str

uc
tio

ns
/al

go
rith

m 
us

ing
 a 

flo
wc

ha
rt:

 
     

 Ex
am

pl
e a

ct
ivi

ty
 2 

Co
nv

er
t th

e f
low

ch
ar

t in
to 

blo
ck

-b
as

ed
 co

de
. 

Ru
n t

he
 pr

og
ra

m,
 te

st 
an

d d
eb

ug
 

                       

No
te

: 
Ex

pla
in 

the
 sy

mb
ols

 in
 th

e t
ab

le 
be

low
 to

 th
e l

ea
rn

er
s. 
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Co
nt

en
t (

Gr
ad

e 8
 / T

er
m

 2)
 

No
te

s/E
xa

m
pl

es
 

C.
3 I

nt
er

pr
et

 an
d 

ex
ec

ut
e a

 g
ive

n 
sy

m
bo

lic
 o

r w
rit

te
n 

se
t o

f c
om

m
an

ds
 

Li
nk

 to
C.

4 
Ex

am
pl

e a
ct

ivi
ty

 – 
Tr

ac
e c

od
e t

o 
ex

pl
ain

 w
ha

t i
t d

oe
s 

Us
e a

 tr
ac

e t
ab

le 
to 

wo
rk 

thr
ou

gh
 th

e f
oll

ow
ing

 pr
og

ra
m 

an
d 

ex
pla

in 
wh

at 
it d

oe
s 

 

No
te

: 
It i

s i
mp

or
tan

t th
at 

co
din

g a
cti

vit
ies

 re
vis

e c
od

ing
 co

nc
ep

ts 
lea

rn
ed

 in
 pr

ev
iou

s t
er

ms
 an

d g
ra

de
s c

um
ula

tiv
ely

, u
sin

g 
dif

fer
en

t a
cti

vit
ies

 an
d c

om
bin

ati
on

s o
f c

on
ce

pts
. 

   No
te

: 
Lit

er
atu

re
 su

gg
es

ts 
tha

t th
e b

igg
es

t p
ro

ble
m 

of 
no

vic
e 

pr
og

ra
mm

er
s d

oe
s n

ot 
se

em
 to

 be
 th

e u
nd

er
sta

nd
ing

 of
 

ba
sic

 co
din

g c
on

ce
pts

 bu
t r

ath
er

 le
ar

nin
g t

o a
pp

ly 
the

m.
 

Th
er

efo
re

, a
t th

is 
lev

el,
 be

wa
re

 of
 gi

vin
g l

ea
rn

er
s 

pr
og

ra
mm

ing
 ta

sk
s t

ha
t c

om
bin

e t
oo

 m
an

y c
on

ce
pts

 
(R

ob
ins

, 2
01

9)
. 

C.
4 D

eb
ug

 a 
gi

ve
n 

sy
m

bo
lic

 o
r w

rit
te

n 
se

t o
f i

ns
tru

ct
io

ns
 

Li
nk

 to
 C

.3 
Ex

am
pl

e a
ct

ivi
ty

 – 
BM

I c
alc

ul
at

or
 

To
 de

ter
mi

ne
 if 

on
e i

s o
ve

rw
eig

ht,
 on

 ca
n c

alc
ula

te 
on

e’s
 B

od
y M

as
s I

nd
ex

 (B
MI

)  
BM

I is
 ca

lcu
lat

ed
 th

ro
ug

h t
he

 fo
llo

wi
ng

 fo
rm

ula
: 𝐵𝐵

𝐵𝐵
𝐵𝐵=

𝑊𝑊
𝑊𝑊𝑊𝑊

𝑊𝑊𝑊𝑊
ℎ 

(𝑘𝑘
𝑊𝑊)

[𝐻𝐻
𝑊𝑊𝑊𝑊

𝑊𝑊ℎ
𝑊𝑊 (

𝑚𝑚
)]

2  
Th

e B
MI

 is
 in

ter
pr

ete
d a

s f
oll

ow
s: 

• 
Un

de
rw

eig
ht 

= 
<1

8.5
 

• 
No

rm
al 

we
igh

t =
 18

.5–
24

.9 
• 

Ov
er

we
igh

t =
 25

–2
9.9

 
• 

Ob
es

ity
 =

 B
MI

 of
 30

 or
 gr

ea
ter

 
 Ge

t a
 pe

rso
n’s

 w
eig

ht 
(in

 kg
) a

nd
 he

igh
t (

in 
m)

, th
en

 de
ter

mi
ne

 if 
the

 pe
rs

on
 is

 ov
er

we
igh

t o
r n

ot.
  

Di
sp

lay
 a 

me
ss

ag
e t

o t
ha

t w
ill 

inf
or

m 
a p

er
so

n i
f h

e/s
he

 is
 un

de
rw

eig
ht,

 no
rm

al 
we

igh
t, o

ve
rw

eig
ht 

or
 ob

es
e.

 
 So

me
on

e w
ro

te 
a p

ro
gr

am
 to

 de
ter

mi
ne

 a 
pe

rso
n’s

 B
MI

, b
ut 

it d
oe

s n
ot 

wo
rk 

co
rre

ctl
y. 

Us
e a

 tr
ac

e t
ab

le 
to 

wo
rk 

thr
ou

gh
 th

e p
ro

gr
am

 an
d d

ete
rm

ine
 w

ha
t th

e p
ro

ble
m 

is.
 C

or
re

ct 
the

 co
de

 an
d 

ex
ec

ute
 th

e c
od

e t
o t

es
t it

.  
If i

t w
or

ks
 co

rre
ctl

y, 
W

EL
L D

ON
E,

 el
se

 re
pe

at 
the

 pr
oc

es
s t

o f
ind

 th
e p

ro
ble

m 
un

til 
the

 pr
og

ra
m 

wo
rks

 
co

rre
ctl

y. 

No
te

: 
Le

ar
ne

rs 
mu

st 
un

de
rst

an
d t

he
 di

ffe
re

nc
e i

n t
he

 us
e o

f A
ND

 
OR

 (li
nk

 to
 tr

uth
 ta

ble
s d

on
e w

ith
 R

s)
 

 De
bu

gg
ing

 is
 an

 in
teg

ra
ted

 an
d i

mp
or

tan
t p

ar
t o

f c
od

ing
. 

W
hil

e l
ea

rn
er

s n
ee

d t
o d

eb
ug

 al
l th

e c
od

e t
he

 w
rite

, le
ar

ne
rs 

mu
st 

als
o b

e p
ro

vid
ed

 w
ith

 in
co

rre
ct 

co
de

 w
hic

h t
he

y n
ee

d t
o 

de
bu

g. 
   

C.
5 E

va
lu

at
e a

 g
ive

n 
so

lu
tio

n 
to

wa
rd

s p
ot

en
tia

l im
pr

ov
em

en
t. 

 
Ex

am
pl

e a
ct

ivi
ty

 – 
Mu

lti
pl

ica
tio

n 
ta

bl
e 

Th
e f

oll
ow

ing
 tw

o p
ro

gr
am

s a
re

 pr
ov

ide
d. 

Bo
th 

pr
og

ra
ms

 ca
n d

isp
lay

 th
e 1

2-
tim

es
 ta

ble
 

St
ud

y b
oth

 al
go

rith
ms

 an
d d

es
cri

be
 ho

w 
ea

ch
 w

or
ks

. E
va

lua
te 

ea
ch

. W
hic

h a
lgo

rith
m 

is 
the

 be
st?

 E
xp

lai
n w

hy
. 

  

No
te

: 
Ma

ny
 le

ar
ne

rs 
ten

d t
o f

oc
us

 on
 ve

ry 
sm

all
 pa

rts
 of

 th
e c

od
e 

an
d l

os
e s

igh
t o

f th
e "

big
 pi

ctu
re

". 
 

Co
nt

en
t (

Gr
ad

e 8
 / T

er
m

 2)
 

No
te

s/E
xa

m
pl

es
 

Pr
og

ra
m

 1 
Pr

og
ra

m
 2 

 
 

 

Th
ey

 ar
e a

lso
 pr

on
e t

o f
oc

us
 on

 su
pe

rfic
ial

 as
pe

cts
 of

 th
e 

tas
k/p

ro
ble

m 
tha

t a
re

 no
t fu

nc
tio

na
lly

 ce
ntr

al 
to 

the
 so

lut
ion

 
(L

ist
er

 &
 T

ea
gu

e, 
20

14
) 

 

C.
6 R

ec
og

ni
se

 an
d 

in
te

rp
re

t p
at

te
rn

s i
n 

sy
m

bo
lic

 se
ts

 o
f d

at
a o

r v
isu

ali
sa

tio
ns

. 
Li

nk
 to

 C
.1,

 C
.2 

an
d 

D.
6 a

nd
 D

.7L
 

Ex
am

pl
e a

ct
ivi

ty
 – 

In
te

rp
re

t a
 p

at
te

rn
 

Di
vid

e l
ea

rn
er

s i
nto

 pa
irs

. 
Th

e d
riv

er
 re

ce
ive

s t
he

 co
de

 on
 th

e r
igh

t o
n p

ap
er

 
Th

e n
av

iga
tor

 re
ce

ive
s a

 bl
an

k p
ag

e a
nd

 a 
pe

n/p
en

cil
. 

Th
e d

riv
er

 re
ad

s t
he

 co
de

, c
all

s o
ut 

the
 co

de
 an

d a
cts

 ou
t th

e i
ns

tru
cti

on
s (

the
 dr

ive
r m

ay
 ig

no
re

 ac
tin

g o
ut 

the
 pe

n 
ins

tru
cti

on
s b

ut 
sti

ll c
all

s o
ut 

the
 pe

n i
ns

tru
cti

on
s f

or
 th

e n
av

iga
tor

 w
ho

 ho
lds

 th
e p

en
/pe

nc
il) 

As
 th

e d
riv

er
 ca

lls
 ou

t a
nd

 ac
ts 

ou
t a

n i
ns

tru
cti

on
, th

e n
av

iga
tor

 dr
aw

s t
he

 in
str

uc
tio

n o
n p

ap
er

.  
Th

e n
av

iga
tor

 m
us

t a
lso

 ho
ld 

co
un

t o
f th

e n
um

be
r o

f ti
me

s a
 lo

op
 is

 ex
ec

ute
d a

nd
 m

us
t te

ll t
he

 dr
ive

r w
he

n t
o e

xit
 th

e l
oo

p. 
 

Bo
th 

the
 dr

ive
r a

nd
 th

e n
av

iga
tor

 m
us

t a
lso

 ho
ld 

co
un

t o
f th

e v
ar

iab
le 

(le
ng

th)
 co

nte
nts

 to
 en

su
re

 th
e i

ns
tru

cti
on

s a
re

 ca
rri

ed
 

ou
t c

or
re

ctl
y. 

W
he

n d
on

e, 
the

 dr
ive

r c
op

ies
 th

e c
od

e t
o a

 bl
oc

k-
ba

se
d c

od
ing

 ap
p, 

ru
ns

 th
e c

od
e o

n t
he

 co
mp

ute
r a

nd
 th

e n
av

iga
tor

 
co

mp
ar

es
 th

e r
es

ult
 w

ith
 th

e d
ra

wi
ng

 m
ad

e d
ur

ing
 ac

tin
g o

ut 
pr

oc
es

s. 
 If t

he
 na

vig
ato

r’s
 dr

aw
ing

 is
 in

co
rre

ct,
 th

e p
air

 ne
ed

 to
 de
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 th
e f

irs
t c

olu
mn

 to
 th

e l
as

t c
olu

mn
. 

Re
pe

at 
the

 pr
oc

es
s t

o m
ak

e a
 “f

las
hin

g”
 pa

tte
rn

. 
Se

e a
n e

xa
mp

le 
of 

a p
att

er
n o

n t
he

 rig
ht.

 Y
ou

 ca
n a

lso
 de

sig
n y

ou
r o

wn
 p

att
er

n. 

 
  

  
  

  

  
  

  
  

  

  
  

  
  

  

  
  

  
  

  

  
  

  
  

 

It i
s a

 go
od

 id
ea

 to
 qu

ick
ly 

re
vis

e t
he

 kn
ow

led
ge

 an
d s

kil
ls 

re
qu

ire
d f

or
 th

e n
ew

 co
din

g e
nv

iro
nm

en
t b

y l
ink

ing
 it 

to 
the

 
firs

t c
od

ing
 en

vir
on

me
nt 

lea
rn

ed
 an

d e
xp

lai
n h

ow
 it 

wo
rks

 in
 

the
 ne

w 
en

vir
on

me
nt.

 
 

Di
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ta
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2 R
ec

og
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se
 th

at
 h

e o
r s

he
 is

 liv
in

g 
as

 ci
tiz

en
s i

n 
a d

ig
ita

l w
or

ld
.  

 
Ex

am
pl

e a
ct

ivi
ty

 – 
Di

sc
us

s t
he

 P
OP

I A
ct

 an
d 

co
py

rig
ht

 is
su

es
 

Di
sc

us
s w

ha
t th

e P
OP

I A
ct 

do
es

: 
Ke

ep
 in

fo
rm

at
io

n 
sa

fe
 - 

Th
e P

OP
I A

ct 
ma

ke
s s

ur
e t

ha
t c

om
pa

nie
s a

nd
 or

ga
niz

ati
on

s, 
lik

e s
ch

oo
ls,

 ba
nk

s, 
an

d w
eb

sit
es

, m
us

t k
ee

p y
ou

r p
er

so
na

l in
for

ma
tio

n 
sa

fe.
 T

he
y c

an
't j

us
t s

ha
re

 it 
wi

th 
an

yo
ne

 
As

k f
or

 p
er

m
iss

io
n 

- B
efo

re
 a 

co
mp

an
y c

an
 us

e y
ou

r p
er

so
na

l in
for

ma
tio

n, 
the

y m
us

t a
sk

 fo
r y

ou
r p

er
mi

ss
ion

. It
's 

lik
e a

sk
ing

 fo
r y

ou
r p

er
mi

ss
ion

 to
 re

ad
 yo

ur
 

se
cre

t d
iar

y 
Te

ll y
ou

 w
ha

t t
he

y a
re

 d
oi

ng
 - 

Co
mp

an
ies

 m
us

t e
xp

lai
n t

o y
ou

 w
hy

 th
ey

 ne
ed

 yo
ur

 in
for

ma
tio

n a
nd

 w
ha

t th
ey

'll 
do

 w
ith

 it.
 It'

s l
ike

 th
em

 te
llin

g y
ou

 w
hy

 th
ey

 w
an

t to
 

re
ad

 yo
ur

 di
ar

y 
Le

t y
ou

 co
nt

ro
l y

ou
r i

nf
or

m
at

io
n 

- T
he

 P
OP

I A
ct 

giv
es

 yo
u t

he
 po

we
r t

o s
ay

 "n
o"

 if 
yo

u d
on

't w
an

t a
 co

mp
an

y t
o u

se
 yo

ur
 in

for
ma

tio
n. 

It's
 lik

e y
ou

 ca
n d

ec
ide

 
wh

o c
an

 or
 ca

nn
ot 

re
ad

 yo
ur

 di
ar

y 
Sa

y w
ha

t h
ap

pe
ns

 if
 th

ey
 d

o 
no

t f
ol

lo
w 

ru
les

 - 
If a

 co
mp

an
y d

oe
sn

't f
oll

ow
 th

e r
ule

s i
n t

he
 P

OP
I A

ct 
an

d d
oe

sn
't k

ee
p y

ou
r in

for
ma

tio
n s

afe
, th

ey
 ca

n g
et 

int
o 

tro
ub

le 
an

d m
us

t p
ay

 a 
fin

e. 
Ex

am
pl

es
: 

• 
Sa

y y
ou

 si
gn

 up
 fo

r a
 ga

me
 ap

p o
n y

ou
r p

ho
ne

. T
he

 ap
p c

om
pa

ny
 m

us
t a

sk
 yo

ur
 m

om
 or

 da
d f

or
 pe

rm
iss

ion
 be

ca
us

e y
ou

're
 a 

Gr
ad

e 7
 le

ar
ne

r, 
an

d t
he

y n
ee

d t
o 

ex
pla

in 
wh

y t
he

y w
an

t y
ou

r in
for

ma
tio

n (
lik

e y
ou

r n
am

e a
nd

 ag
e)

 an
d h

ow
 th

ey
'll 

us
e i

t (
to 

cre
ate

 yo
ur

 g
am

e a
cc

ou
nt)

. If
 th

ey
 do

n't
 a

sk
 fo

r p
er

mi
ss

ion
 or

 sh
ar

e 
yo

ur
 in

for
ma

tio
n w

ith
ou

t p
er

mi
ss

ion
, th

ey
 ca

n g
et 

in 
tro

ub
le 

• 
At

 sc
ho

ol,
 yo

ur
 te

ac
he

r k
ee

ps
 a 

lis
t o

f y
ou

r n
am

es
 an

d m
ar

ks
. T

he
y c

an
't j

us
t s

ho
w 

tha
t li

st 
to 

ev
er

yo
ne

. T
he

y m
us

t k
ee

p i
t s

afe
 an

d o
nly

 sh
ar

e i
t w

ith
 pe

op
le 

wh
o n

ee
d t

o s
ee

 it,
 lik

e y
ou

r p
ar

en
ts 

 Th
e P

OP
I A

ct
 is

 lik
e a

 pr
ote

cto
r o

f y
ou

r p
er

so
na

l in
for

ma
tio

n. 
It m

ak
es

 su
re

 th
at 

yo
ur

 in
for

ma
tio

n i
s t

re
ate

d c
ar

efu
lly

 an
d r

es
pe

ctf
ull

y b
y c

om
pa

nie
s a

nd
 

or
ga

niz
ati

on
s. 

Ju
st 

lik
e y

ou
 w

an
t y

ou
r s

ec
re

t d
iar

y t
o b

e s
afe

 an
d p

riv
ate

, th
e P

OP
I A

ct 
he

lps
 ke

ep
 yo

ur
 pe

rso
na

l in
for

ma
tio

n s
afe

 an
d p

riv
ate

 to
ol 

No
w,

 di
vid

e l
ea

rn
er

s i
nto

 sm
all

 gr
ou

ps
. 

Pr
ov

ide
 ea

ch
 gr

ou
p w

ith
 in

for
ma

tio
n o

n P
OP

IA
 as

 w
ell

 as
 co

py
rig

ht 
wi

th 
qu

es
tio

ns
 th

ey
 ne

ed
 to

 an
sw

er
. 

Gr
ou

ps
 re

po
rt 

on
 th

e f
oll

ow
ing

: 
• 

W
ha

t th
e P

OP
I a

ct 
is 

• 
W

ha
t c

op
yri

gh
t is

 
• 

W
hy

 so
ur

ce
s s

ho
uld

 be
 re

fer
en

ce
d 

• 
Ho

w 
to 

pr
ote

ct 
pe

rso
na

l in
for

ma
tio

n 

Le
ar

ne
rs 

ne
ed

 to
 un

de
rst

an
d w

ha
t c

op
yri

gh
t a

nd
 pl

ag
iar

ism
 

is 
(a

bo
ut 

so
ftw

ar
e, 

inf
or

ma
tio

n, 
int

ell
ec

tua
l p

ro
pe

rty
), 

inc
lud

ing
 

• 
Aw

ar
en

es
s o

f P
OP

IA
 (P

OP
I A

ct)
  

• 
W

ha
t c

op
yri

gh
t is

  
• 

Ho
w 

to 
pr

ote
ct 

pe
rso

na
l in

for
ma

tio
n 

• 
W

ha
t th

e P
ub

lic
 D

om
ain

 is
 

• 
Aw

ar
en

es
s t

ha
t s

ou
rce

s s
ho

uld
 be

 re
fer

en
ce

d 
• 

Un
de

rst
an

d t
he

 si
gn

ific
an

ce
 of

 ne
tw

or
k s

ec
ur

ity
 an

d t
he

 
im

po
rta

nc
e o

f p
ro

tec
tin

g p
er

so
na

l a
nd

 se
ns

itiv
e 

inf
or

ma
tio

n. 

Co
nt
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Gr
ad
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m
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te
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4 I

de
nt

ify
 th

e c
om

m
on

 u
se

s o
f I
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 in

 th
e r

ea
l w

or
ld

  
Li

nk
 to

 D
.5 

• 
W

eb
sit

e –
 co

lle
cti

on
 of

 w
eb

 pa
ge

s w
ith

 re
lat

ed
 in

for
ma

tio
n 

• 
W

eb
pa

ge
 is

 a 
do

cu
me

nt 
tha

t h
av

e t
ex

t, i
ma

ge
s, 

vid
eo

s, 
an

im
ati

on
s, 

etc
. (

a p
ag

e i
n a

 w
eb

sit
e)

  
• 

UR
L 

(U
nif

or
m 

Re
so

ur
ce

 Lo
ca

tor
) –

 A
 w

eb
 ad

dr
es

s t
ha

t is
 un

iqu
e t

o e
ac

h r
es

ou
rce

 on
 th

e w
eb

. It
 co

uld
 be

 th
e a

dd
re

ss
 of

 a 
we

bp
ag

e o
r a

n i
ma

ge
 fil

e 
• 

Hy
pe

rli
nk

 – 
lin

ks
 to

 ot
he

r w
eb

pa
ge

s 
• 

W
eb

 se
rv

er
 – 

A 
co

mp
ute

r w
he

re
 fil

es
 ar

e s
tor

ed
 w

hic
h c

an
 be

 ac
ce

ss
ed

 vi
a t

he
 in

ter
ne

t u
sin

g H
TT

P 
• 

Br
ow

se
r –

 us
ed

 to
 ac

ce
ss

 w
eb

sit
es

 an
d w

eb
 pa

ge
s. 

It a
llo

ws
 yo

u t
o 

se
e H

TM
L d

oc
um

en
t a

s a
 be

au
tifu

l d
oc

um
en

t e
.g.

 E
dg

e, 
Ch

ro
me

. It
 

int
er

pr
ets

 H
TM

L c
od

e t
o d

isp
lay

 im
ag

es
, e

tc.
  

• 
Se

ar
ch

 en
gi

ne
 – 

us
ed

 to
 se

ar
ch

 fo
r s

pe
cif

ic 
inf

or
ma

tio
n o

n t
he

 w
eb

 
wi

thi
n t

he
 br

ow
se

r, 
e.g

. G
oo

gle
, B

ing
 

Ex
am

pl
e a

ct
ivi

ty
 – 

Ex
pl

or
e W

eb
 co

nc
ep

ts
 

Pr
ov

ide
 le

ar
ne

rs 
wi

th 
a K

W
LS

 ta
ble

 on
 a 

wo
rks

he
et

 
Le

ar
ne

rs 
wa

tch
 th

e f
oll

ow
ing

 vi
de

os
 an

d c
om

ple
te 

the
 co

lum
ns

 in
 th

e 
KW

LS
 ch

ar
t 

htt
ps

://y
ou

tu.
be

/X
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7b

82
Qw

  
htt
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tu.

be
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GG
W

Cb
Mv
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tu.
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ou
tu.
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Be
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iu4

  

Di
sc
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s W

W
W
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nc

ep
ts 

 
Le

ar
ne

rs 
ne

ed
 to

 de
mo

ns
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te 
kn

ow
led

ge
 (w

ha
t it
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) o

f 
W

W
W

 co
nc

ep
ts:

 
• 

W
eb

sit
e 

• 
W

eb
pa

ge
 

• 
W

eb
 se

rve
r 

• 
Br

ow
se

r 
• 

Se
ar

ch
 en

gin
e 

• 
UR

L 
• 

Hy
pe

rlin
k 

Le
ar

ne
rs 

ne
ed

 to
 pr

ov
ide

 an
 ex

am
ple

 of
 

• 
UR

L 
• 

Br
ow

se
r 

• 
Se

ar
ch

 en
gin

e 
• 

W
eb

sit
e 

Le
ar

ne
rs 

ne
ed

 to
 di

sti
ng

uis
h b

etw
ee

n a
 w

eb
sit

e a
nd

 a 
we

bp
ag

e 
D.

6 E
xp
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n 

ho
w 

th
e a
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at
io

n 
of

 te
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no
lo

gy
 im
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ct

ed
 th

e w
or

ld
 w

e w
or

k a
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 liv
e i

n 
 

Li
nk

 to
 D

.2 
Ex

am
pl

e a
ct

ivi
ty

 - 
Im

po
rta

nc
e o

f t
he

 W
W

W
 

• 
De

fin
e t

he
 co

nc
ep

t o
f th

e W
or

ld 
W

ide
 W

eb
 (W

W
W

) a
nd

 its
 ro

le 
in 

the
 br

oa
de

r c
on

tex
t o

f th
e i

nte
rn

et.
 

• 
Ex

pla
in 

ho
w 

the
 W

W
W

 fa
cil

ita
tes

 co
mm

un
ica

tio
n, 

co
lla

bo
ra

tio
n, 

an
d i

nfo
rm

ati
on

 sh
ar

ing
 am

on
g i

nd
ivi

du
als

 an
d o

rg
an

isa
tio

ns
. 

• 
Th

e w
or

ld 
wi

de
 w

eb
 op

en
ed

 th
e i

nte
rn

et 
to 

ev
er

yo
ne

, n
ot 

jus
t s

cie
nti

sts
. 

• 
It c

on
ne

cte
d t

he
 w

or
ld 

in 
a w

ay
 th

at 
wa

s n
ot 

po
ss

ibl
e b

efo
re

 an
d m

ad
e i

t m
uc

h e
as

ier
 fo

r p
eo

ple
 to

 ge
t in

for
ma

tio
n, 

sh
ar

e a
nd

 co
mm

un
ica

te.
 

• 
It a

llo
we

d p
eo

ple
 to

 sh
ar

e t
he

ir w
or

k a
nd

 th
ou

gh
ts 

thr
ou

gh
 so

cia
l n

etw
or

kin
g s

ite
s, 

blo
gs

 an
d v

ide
o s

ha
rin

g.
 

Le
ar

ne
rs 

ne
ed

 to
 un

de
rst

an
d 

• 
wh

at 
the

 W
W

W
 is

 
• 

ho
w 

it f
ac
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ate

s c
om
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nic

ati
on

, in
for

ma
tio

n s
ha

rin
g a

nd
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lla

bo
ra

tio
n 
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an
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f t
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ep
t o

f i
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ut
 p
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ce

ss
in
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an
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ou
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.  
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Un
de

rst
an

d h
ow
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rm

ati
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 P
ro

ce
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ing
 C
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re
lat

es
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 ne
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or
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 te
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utp
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 pr
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es

sin
g, 

sto
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ge
 an

d c
om

mu
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ati
on

 (l
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 to
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din
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bo
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s) 

Re
vis

e i
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or
m
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io

n 
pr
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g 
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cle

 
D.

8 I
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er
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 a 
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m
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te
 a 

m
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ge

 o
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m
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 D
.9 
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 to
ge

th
er
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re

at
e a

 p
at

te
rn
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 re
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en
t o
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om

m
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 a 
m
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ge
 o

r i
m
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Us
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ra
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fer
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k-b
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din
g 

Ex
am

pl
e a

ct
ivi

ty
: 

Us
e t

he
 fo

llo
wi

ng
 al

go
rith

m 
to 
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k f

or
 a 

bin
ar

y n
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be
r a

nd
 di

sp
lay
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e c

or
re

sp
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din
g b

utt
on
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 th

e c
olo

ur
 

as
 sh

ow
n i

n t
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 ta
ble

 be
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.  
Us

e t
he

 ta
ble

 to
 de

ter
mi

ne
 th

e o
utc

om
e.

 
1. 

Cr
ea

te 
co

stu
me

s f
or

 ea
ch

 co
lou

r in
 th

e t
ab

le 
ab

ov
e. 

Nu
mb

er
 th

e c
os

tum
es

 fr
om

 1.
  

2. 
As

k f
or

 a 
Bi

na
ry 

nu
mb

er
. 

3. 
Re

ad
 an

d s
tor

e t
he

 in
pu

t b
ina

ry 
co

de
. 

4. 
If t

he
 fir

st 
let

ter
 of

 th
e b

ina
ry 

co
de

 en
ter

ed
 is

 eq
ua

l to
 1,

 ad
d 4

 to
 th

e v
ar

iab
le.

 
5. 

If t
he

 se
co

nd
 le

tte
r o

f th
e b
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ry 

co
de

 en
ter

ed
 is

 eq
ua

l to
 1,

 ad
d 2
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 th

e 
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ble

.  
6. 

If t
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r o
f th

e b
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ry 
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 en

ter
ed
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 eq

ua
l to

 1,
 ad

d 1
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 th
e v

ar
iab

le.
 

7. 
Sw

itc
h t
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din
g c

os
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w 

1 
1 

1 
W
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n 

of
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ita

l s
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Li
nk
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s a
nd

 D
s 

Re
vis

e f
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 an
d f
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er
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Co
nt

en
t (

Gr
ad

e 8
 / T

er
m

 2)
 

No
te

s/E
xa

m
pl

es
 

Ex
am

pl
e a

ct
ivi

ty
 2 

“c
at

ch
 th

e d
ot

” g
am

e. 
 

Th
e p

ur
po

se
 of

 th
is 

ga
me

 is
 to

 na
vig

ate
 a 

ba
sk

et 
(L

ED
 ba

r) 
to 

“ca
tch

” o
the

r L
ED

 lig
hts

. 
Pr

es
s b

oth
 bu

tto
ns

 to
 st

ar
t th

e g
am

e.
 

Cr
ea

te 
a “

ba
sk

et”
 or

 “b
ar

” t
ha

t is
 3 

LE
D 

lig
hts

 lo
ng

. T
he

 ba
sk

et 
dis

pla
ys

 at
 th

e b
ott

om
 of

 th
e s

cre
en

 w
he

n t
he

 ga
me

 st
ar

ts.
  

Di
sp

lay
 a 

ra
nd

om
 do

t o
n t

he
 m

icr
oc

on
tro

lle
r f

or
 a 

ra
nd

om
 nu

mb
er

 of
 se

co
nd

s. 
Mo

ve
 th

e b
as

ke
t w

ith
 up

-, 
do

wn
-, 

lef
t- 

an
d r

igh
t a

rro
ws

 to
 “c

atc
h”

 th
e d

ot.
  

Re
pe

at 
the

 ga
me

 10
 tim

es
 (o
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3.
2.

3 
Te

rm
 3

 

Co
nt

en
t (

Gr
ad

e 8
 / T

er
m

 3)
 

No
te

s/E
xa

m
pl

es
 

Co
di

ng
 

 
C.

1 A
pp

ly 
co

m
pu

ta
tio

na
l t

hi
nk

in
g 

(C
T)

 sk
ills

 to
 d

ev
elo

p 
a s

et
 o

f l
og

ica
l in

st
ru

ct
io

ns
 to

 so
lve

 a 
pr

ob
lem

. 
Li

nk
 to

 al
l C

s 
Ex

am
pl

e a
ct

ivi
ty

 1 
– S

ol
ve

 a 
sc

ra
m

bl
ed

 al
go

rit
hm

  
Di

vid
e l

ea
rn

er
s i

nto
 pa

irs
 an

d p
ro

vid
e e

ac
h p

air
 w

ith
 a 

wo
rks

he
et 

wi
th 

the
 

alg
or

ith
m 

on
 th

e r
igh

t th
at 

ex
pla

ins
 ho

w 
the

 ga
me

 sn
ak

es
 an

d l
ad

de
rs 

mu
st 

be
 

pla
ye

d. 
 

Ea
ch

 pa
ir s

tud
ies

 th
e a

lgo
rith

m 
an

d r
ea

d a
nd

 ex
pla

in 
the

 al
go

rith
m 

to 
ea

ch
 ot

he
r. 

(D
o p

air
 re

ad
ing

. O
ne

 le
ar

ne
r s

tar
ts 

an
d r

ea
d t

he
 fir

st 
ins

tru
cti

on
, a

nd
 th

e p
air

 
de

cid
es

 on
 th

e m
ea

nin
g. 

Th
e o

the
r le

ar
ne

r in
 th

e p
air

 th
en

 re
ad

s t
he

 ne
xt 

lin
e a

nd
 

the
 pa

ir d
ec

ide
s o

n t
he

 m
ea

nin
g, 

etc
.) 

On
e l

ea
rn

er
 in

 th
e p

air
 cu

ts 
ou

t th
e a

lgo
rith

m 
(o

n t
he

 lin
es

) a
nd

 th
e o

the
r le

ar
ne

r in
 

the
 pa

ir s
cra

mb
les

 th
e a

lgo
rith

m.
 

Pa
irs

 sw
op

 th
eir

 se
ats

 w
ith

 ot
he

r p
air

s t
o u

ns
cra

mb
le 

the
ir a

lgo
rith

ms
. 

Ea
ch

 pa
ir m

us
t p

ut 
the

 al
go

rith
m 

ba
ck

 in
 th

e o
rig

ina
l o

rd
er

. 
Th

e p
air

 w
ith

 w
ho

m 
the

y s
wo

pp
ed

 in
itia

lly
 m

us
t c

he
ck

 ea
ch

 ot
he

r’s
 so

lut
ion

s. 
  

Sn
ak

es
 an

d l
ad

de
rs 

alg
or

ith
m.

 
Pl

ac
e t

he
 ic

on
 on

 th
e f

irs
t b

loc
k o

n t
he

 bo
tto

m 
lef

t o
f th

e b
oa

rd
 

Re
pe

at 
   P

lay
er

 th
ro

ws
 a 

die
 

   R
ep

ea
t 

    
    

Mo
ve

 th
e i

co
n f

or
wa

rd
 

    
Un

til 
the

 nu
mb

er
 of

 m
ov

es
 is

 th
e s

am
e a

s t
he

 nu
mb

er
 on

 th
e d

ice
 

    
If t

he
 ic

on
 la

nd
s o

n a
 sn

ak
e’s

 he
ad

, th
en

 
    

  m
ov

e d
ow

n a
nd

 pl
ac

e t
he

 ic
on

 on
 th

e s
na

ke
’s 

tai
l 

    
els

e i
f th

e i
co

n l
an

ds
 on

 th
e l

ow
er

 pa
rt 

of 
a l

ad
de

r, 
the

n 
    

   m
ov

e u
p a

nd
 pl

ac
e t

he
 ic

on
 up

 to
 th

e t
op

 of
 th

e l
ad

de
r 

    
els

e 
    

  le
av

e t
he

 ic
on

 w
he

re
 it 

is 
    

En
dIf

 
Un

til 
ico

n l
an

ds
 on

 th
e t

op
 rig

ht 
blo

ck
 

Sa
y “

Yo
u a

re
 th

e w
inn

er
!” 

Yo
u 

wa
nt

 to
 in

te
rle

av
e p

ra
ct

ise
 in

 p
ro

bl
em

s. 
“It

 is
 im

po
rta

nt
 th

at
 p

ro
ble

m 
typ

es
 m

us
t d

iffe
r, 

fo
r e

xa
mp

le,
 yo

u 
wa

nt
 to

 ra
nd

om
ly 

ha
ve

 a
 p

ro
ble

m
 o

f o
ne

 ty
pe

 a
nd

 th
en

 so
lve

 a
 

pr
ob

lem
 o

f a
no

th
er

 ty
pe

 a
nd

 th
en

 a
 p

ro
ble

m 
of

 a
no

th
er

 ty
pe

. 
An

d 
in 

do
ing

 th
at

, it
 fe

els
 d

iffi
cu

lt, 
an

d 
it d

oe
s n

ot
 fe

el 
flu

en
t. 

An
d 

th
e 

sig
na

ls 
to

 yo
ur

 b
ra

in 
ar

e,
 I 

am
 n

ot
 g

et
tin

g 
th

is.
 I 

am
 n

ot
 

do
ing

 ve
ry

 w
ell

. B
ut

 in
 fa

ct,
 th

at
 e

ffo
rt 

to
 tr

y t
o 

fig
ur

e 
ou

t w
ha

t 
kin

ds
 o

f a
pp

ro
ac

he
s d

o 
I n

ee
d 

fo
r e

ac
h 

pr
ob

lem
 a

s I
 e

nc
ou

nt
er

 
a 

dif
fe

re
nt

 ki
nd

 o
f p

ro
ble

m,
 th

at
 is

 p
ro

du
cin

g 
lea

rn
ing

. T
ha

t is
 

pr
od

uc
ing

 ro
bu

st 
sk

ills
 th

at
 st

ick
 w

ith
 yo

u.
” 

Dr
 M

ar
k A

. M
cD

an
iel

, H
ar

va
rd

 U
ni

ve
rs

ity
 

C.
2 P

re
se

nt
 a 

sim
pl

e c
od

in
g 

so
lu

tio
n 

us
in

g 
sy

m
bo

lic
 o

r w
rit

te
n 

st
at

em
en

ts
 re

pr
es

en
tin

g 
se

qu
en

ce
s o

f c
om

m
an

ds
, s

in
gl

e r
ep

et
iti

on
, a

nd
 co

nd
iti

on
al 

co
ns

tru
ct

s. 
Li

nk
 to

 C
.1,

 C
.3 

– C
.7 

an
d 

R.
6 –

 R
.7 

Ex
am

pl
e a

ct
ivi

ty
 1–

 F
un

ny
 n

am
e g

en
er

at
or

 
Th

e p
ur

po
se

 of
 th

e p
ro

gr
am

 is
 to

 sw
ap

 th
e f

irs
t le

tte
rs 

of 
a n

am
e a

nd
 a 

su
rn

am
e. 

 
Ex

am
ple

: I 
the

 na
me

 an
d s

ur
na

me
 a

re
 “S

us
an

 D
un

ca
n”

 th
en

 th
e n

am
e “

Du
sa

n S
un

ca
n”

 m
us

t b
e d

isp
lay

ed
. 

Inp
ut:

 A
 na

me
 an

d a
 su

rn
am

e.
 

Ou
tpu

t: A
 st

rin
g t

ha
t d

isp
lay

s t
he

 na
me

 an
d s

ur
na

me
 in

 w
hic

h t
he

 fir
st 

let
ter

s w
er

e s
wo

pp
ed

 a
ro

un
d. 

 

C.
3 I

nt
er

pr
et

 an
d 

ex
ec

ut
e a

 g
ive

n 
sy

m
bo

lic
 o

r w
rit

te
n 

se
t o

f c
om

m
an

ds
 

 
Ex

am
pl

e a
ct

ivi
ty

 – 
Ev

alu
at

e c
od

e, 
ex

pl
ain

 w
ha

t i
t d

oe
s a

nd
 ch

an
ge

 to
 ac

hi
ev

e a
 d

iff
er

en
t o

ut
co

m
e 

Di
vid

e l
ea

rn
er

s i
nto

 pa
irs

. 
Th

e d
riv

er
 re

ce
ive

s t
he

 co
de

 on
 th

e r
igh

t o
n p

ap
er

 
Th

e n
av

iga
tor

 re
ce

ive
s a

 bl
an

k p
ag

e a
nd

 a 
pe

n/p
en

cil
. 

Th
e d

riv
er

 re
ad

s t
he

 co
de

, c
all

s o
ut 

the
 co

de
 an

d a
cts

 ou
t th

e i
ns

tru
cti

on
s (

the
 dr

ive
r m

ay
 ig

no
re

 ac
tin

g o
ut 

the
 pe

n i
ns

tru
cti

on
s b

ut 
sti

ll c
all

s o
ut 

the
 pe

n i
ns

tru
cti

on
s f

or
 th

e n
av

iga
tor

 w
ho

 ho
lds

 th
e p

en
/pe

nc
il) 

As
 th

e d
riv

er
 ca

lls
 ou

t a
nd

 ac
ts 

ou
t a

n i
ns

tru
cti

on
, th

e n
av

iga
tor

 dr
aw

s t
he

 in
str

uc
tio

n o
n p

ap
er

. T
he

 
na

vig
ato

r m
us

t a
lso

 ho
ld 

co
un

t o
f th

e 
nu

mb
er

 of
 tim

es
 a 

loo
p i

s e
xe

cu
ted

 an
d m

us
t te

ll t
he

 dr
ive

r w
he

n t
o 

ex
it t

he
 lo

op
. 

W
he

n d
on

e, 
the

 dr
ive

r c
op

ies
 th

e c
od

e t
o a

 bl
oc

k-
ba

se
d c

od
ing

 ap
p, 

ru
ns

 th
e c

od
e o

n t
he

 co
mp

ute
r a

nd
 

the
 na

vig
ato

r c
om

pa
re

s t
he

 re
su

lt w
ith

 th
e d

ra
wi

ng
 m

ad
e d

ur
ing

 ac
tin

g o
ut

 pr
oc

es
s. 

If t
he

 na
vig

ato
r’s

 dr
aw

ing
 is

 in
co

rre
ct,

 th
e p

air
 ne

ed
 to

 de
ter

mi
ne

 w
he

re
 th

ey
 m

isi
nte

rp
re

ted
 th

e 
co

de
, o

r 
the

y c
an

 sw
itc

h r
ole

s a
nd

 re
pe

at 
the

 ex
er

cis
e t

o d
ete

rm
ine

 w
he

re
 th

ey
 w

en
t w

ro
ng

. 
Th

e p
air

 th
en

 ch
an

ge
 th

e c
od

e a
s f

oll
ow

s: 
Re

pla
ce

 th
e n

o 4
 w

ith
 no

 3 
in 

bo
th 

loo
ps

 
Re

pla
ce

 th
e 9

0 d
eg

re
es

 w
ith

 12
0 d

eg
re

es
 in

 bo
th 

ins
tan

ce
s. 

Ru
n t

he
 co

de
 an

d w
atc

h w
ha

t h
ap

pe
ns

 

No
te

: 
Ge

ne
ra

lly
, m

os
t le

ar
ne

rs 
ar

e c
om

for
tab

le 
wi

th 
tas

ks
/pr

ob
lem

s 
tha

t r
eq

uir
e t

he
m 

to 
wr

ite
 co

de
 th

at 
re

qu
ire

s t
he

m 
to 

co
mb

ine
 

on
e o

r t
wo

 co
nc

ep
ts 

at 
a t

im
e. 

Ma
nn

y l
ea

rn
er

s, 
ho

we
ve

r, 
str

ug
gle

 w
he

n t
he

y m
us

t c
om

bin
e c

od
ing

 co
nc

ep
ts 

at 
a t

im
e/i

n 
on

e p
ro

gr
am

 as
 it 

inc
re

as
es

 th
e d

iffi
cu

lty
 le

ve
l a

s w
ell

 as
 th

e 
co

mp
lex

ity
 of

 th
e t

as
k/p

ro
ble

m.
 It 

is 
the

re
for

e a
dv

isa
ble

 th
at 

lea
ne

rs 
pr

ac
tis

e c
od

ing
 co

nc
ep

ts 
us

ing
 sm

all
, b

as
ic,

 
ma

na
ge

ab
le 

tas
ks

/pr
ob

lem
s u

nti
l th

ey
 ar

e r
ea

dy
 fo

r t
he

 ne
xt 

ste
p. 

 So
me

 le
ar

ne
rs 

ma
y r

eq
uir

e g
uid

an
ce

 w
he

n t
he

 ta
sk

 re
qu

ire
s 

se
ve

ra
l c

od
ing

 co
nc

ep
ts 

to 
be

 co
mb

ine
d.

 

Re
fer

 to
 th

e a
cti

vit
y 

in 
Te

rm
 1 

C.
5 a

nd
 

pla
y w

ith
 di

ffe
re

nt 
nu

mb
er

 of
 re

pe
ats

 
an

d d
eg

re
es

.

Co
nt

en
t (

Gr
ad

e 8
 / T

er
m

 3)
 

No
te

s/E
xa

m
pl

es
 

C.
4 D

eb
ug

 a 
gi

ve
n 

sy
m

bo
lic

 o
r w

rit
te

n 
se

t o
f i

ns
tru

ct
io

ns
 

Li
nk

 to
 C

,1 
– C

.3 
an

dC
.5 

– C
.7 

as
 w

ell
 as

 R
.5 

– R
.7 

Ex
am

pl
e a

ct
ivi

ty
 – 

Sw
op

 va
lu

es
 

Th
e c

od
e o

n t
he

 rig
ht 

sim
ula

tes
 tw

o p
eo

ple
 th

ro
wi

ng
 a 

die
 to

 de
ter

mi
ne

 w
ho

 sh
ou

ld 
sta

rt 
wh

en
 

pla
yin

g a
 ga

me
. T

he
 pl

ay
er

 th
at 

ge
ts 

the
 la

rg
es

t n
um

be
r, 

sta
rts

 th
e g

am
e. 

Th
ey

 us
e t

he
 R

an
do

m 
ins

tru
cti

on
 to

 si
mu

lat
e t

he
 th

ro
w 

of 
a d

ice
. A

 ra
nd

om
 va

lue
 fr

om
 1 

– 6
 is

 as
sig

ne
d t

o e
ac

h p
lay

er
.  

If t
he

 pl
ay

er
s a

re
 as

sig
ne

d t
he

 sa
me

 nu
mb

er
, th

e p
ro

gr
am

 te
lls

 th
em

 th
at 

it i
s a

 tie
 an

d t
ha

t th
ey

 
mu

st 
ru

n t
he

 pr
og

ra
m 

ag
ain

 to
 de

ter
mi

ne
 w

ho
 st

ar
ts 

the
 ga

me
. 

To
 m

ak
e t

he
 ga

me
 a 

litt
le 

mo
re

 in
ter

es
tin

g, 
the

y d
ec

ide
 th

at 
aft

er
 th

e r
an

do
m 

va
lue

s a
re

 as
sig

ne
d t

o 
ea

ch
 pl

ay
er

, th
ey

 w
ill 

firs
t s

wo
p v

alu
es

 (t
he

 ra
nd

om
 va

lue
 as

sig
ne

d f
or

 P
lay

er
 1 

an
d t

he
 ra

nd
om

 
va

lue
 fo

r P
lay

er
 2 

mu
st 

be
 sw

op
pe

d)
, th

en
 th

e p
lay

er
 w

ith
 th

e b
igg

es
t n

um
be

r w
ill 

sta
rt 

the
 ga

me
.  

Th
e c

od
e, 

ho
we

ve
r, 

do
es

 no
t w

or
k c

or
re

ctl
y. 

 
Ru

n t
he

 co
de

 an
d d

ete
rm

ine
 w

ha
t is

 w
ro

ng
, T

he
n, 

de
bu

g t
he

 co
de

 an
d t

es
t a

ga
in.

 
No

te
: 

If y
ou

 st
ru

gg
le 

wo
rk 

thr
ou

gh
 th

e 
fol

low
ing

 ac
tiv

ity
 th

at 
yo

u h
av

e d
on

e i
n 

the
 pr

ev
iou

s g
ra

de
 to

 gu
ide

 yo
u 

tow
ar

ds
 a 

so
lut

ion
 

Th
e c

ra
ne

 in
 th

e p
or

t o
f D

ur
ba

n 
re

sp
on

ds
 to

 si
x d

iffe
re

nt 
inp

ut 
co

mm
an

ds
: 

1. 
Le

ft 
2. 

Ri
gh

t 
3. 

Up
 

4. 
Do

wn
 

5. 
Gr

ab
 

6. 
Re

lea
se

 
Cr

ate
 A

 is
 in

 th
e l

eft
 po

sit
ion

, c
ra

te 
B 

is 
in 

the
 po

sit
ion

 on
 th

e r
igh

t 
W

hic
h i

s t
he

 co
rre

ct 
se

t o
f in

str
uc

tio
ns

 to
 sw

ap
 th

e p
os

itio
n o

f th
e t

wo
 cr

ate
s?

 W
rite

 do
wn

 th
e l

ett
er

 of
 th

e c
or

re
ct 

an
sw

er
. 

A 
(D

ow
n, 

Gr
ab

, U
p, 

Ri
gh

t, D
ow

n, 
Re

lea
se

, U
p)

 
B 

(D
ow

n, 
Gr

ab
, U

p, 
Ri

gh
t, D

ow
n, 

Re
lea

se
, U

p)
 (R

igh
t, D

ow
n, 

Gr
ab

, U
p, 

Le
ft, 

Le
ft. 

Do
wn

, R
ele

as
e, 

Up
) (

Ri
gh

t, D
ow

n, 
Gr

ab
, U

p, 
Ri

gh
t, D

ow
n, 

Re
lea

se
) 

C 
(R

igh
t, R

igh
t, D

ow
n, 

Gr
ab

, U
p)

 (L
eft

, L
eft

, D
ow

n, 
Re

lea
se

, U
p)

 
D 

(D
ow

n, 
Gr

ab
, U

p, 
Ri

gh
t, R

igh
t, D

ow
n, 

Re
lea

se
, U

p)
 (D

ow
n, 

Gr
ab

, L
eft

, D
ow

n, 
Re

lea
se

, U
p)

 (D
ow

n, 
Gr

ab
, U

p, 
Ri

gh
t, D

ow
n, 

Re
lea

se
, U

p 

No
te

: 
Le

ar
ne

rs 
ne

ed
 to

 un
de

rst
an

d t
ha

t w
he

n s
wo

pp
ing

 tw
o 

va
ria

ble
s, 

the
y n

ee
d a

n e
xtr

a v
ar

iab
le 

to 
tem

po
ra

ry 
sto

re
 a 

va
ria

ble
 to

 be
 sw

op
pe

d.
 

 On
e c

an
 ex

pla
in 

it t
hr

ou
gh

 th
e f

oll
ow

ing
 an

alo
gy

  

 

C.
5 E

va
lu

at
e a

 g
ive

n 
so

lu
tio

n 
to

wa
rd

s p
ot

en
tia

l im
pr

ov
em

en
t 

 
Ex

am
pl

e a
ct

ivi
ty

  
A 

cu
sto

me
r is

 aw
ar

de
d p

oin
ts 

wh
en

 us
ing

 a 
loy

alt
y c

ar
d. 

Th
e s

tor
e d

ec
ide

s d
ou

ble
 al

l it
s c

us
tom

er
s’ 

po
int

s. 
Th

os
e c

us
tom

er
s w

ho
 ha

ve
 po

int
s g

re
ate

r t
ha

n 2
50

0 b
efo

re
 th

e p
oin

ts 
ar

e d
ou

ble
d w

ill 
be

 aw
ar

de
d a

n 
ad

dit
ion

al 
50

0 p
oin

ts.
 

St
ud

y t
he

 flo
wc

ha
rt 

an
d e

va
lua

te 
the

 ou
tco

me
 of

 th
e p

ro
gr

am
 by

 a
ns

we
rin

g t
he

 qu
es

tio
ns

 th
at 

fol
low

: 
• 

If 
Bo

x 4
 is

 m
ov

ed
 im

me
dia

tel
y b

elo
w 

Bo
x 1

, w
ill 

the
 a

lgo
rith

m 
sti

ll p
ro

du
ce

 th
e 

sa
me

 re
su

lt i
f t

he
 

po
int

s e
nte

re
d a

re
 10

00
? E

xp
lai

n y
ou

r a
ns

we
r. 

• 
If 

Bo
x 4

 is
 m

ov
ed

 im
me

dia
tel

y a
bo

ve
 B

ox
 1

, w
ill 

the
 a

lgo
rith

m 
sti
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 re
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e c
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o p
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h p
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e p
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ra
m 

ag
ain

 to
 de

ter
mi

ne
 w

ho
 st

ar
ts 

the
 ga

me
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y d
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d f
or

 P
lay

er
 1 

an
d t

he
 ra

nd
om

 
va

lue
 fo

r P
lay

er
 2 

mu
st 

be
 sw

op
pe

d)
, th

en
 th

e p
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e c
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k c
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d d
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e d
on

e i
n 

the
 pr

ev
iou

s g
ra

de
 to

 gu
ide

 yo
u 

tow
ar

ds
 a 

so
lut

ion
 

Th
e c

ra
ne

 in
 th

e p
or

t o
f D

ur
ba

n 
re

sp
on

ds
 to

 si
x d

iffe
re

nt 
inp

ut 
co

mm
an

ds
: 

1. 
Le

ft 
2. 

Ri
gh

t 
3. 

Up
 

4. 
Do

wn
 

5. 
Gr

ab
 

6. 
Re

lea
se

 
Cr

ate
 A

 is
 in

 th
e l

eft
 po

sit
ion

, c
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t o
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e p
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e c
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n e
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d p
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e l
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 m
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 m
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ra
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e d
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llis
ec

on
ds

, w
he

re
 1 

ms
 co

rre
sp

on
ds

 to
 

0 d
eg

re
es

, a
nd

 2 
ms

 co
rre

sp
on

ds
 to

 18
0 

de
gr

ee
s. 

 
 

 

A 
36

0-
de

gr
ee

 co
nti

nu
ou

s s
er

vo
, o

n t
he

 ot
he

r 
ha

nd
, c

an
 ro

tat
e c

on
tin

uo
us

ly 
in 

eit
he

r 
dir

ec
tio

n w
ith

ou
t a

ny
 ph

ys
ica

l s
top

s. 
It d

oe
sn

't h
av

e a
 fix

ed
 en

dp
oin

t li
ke

 a 
18

0-
de

gr
ee

 se
rvo

; it
 ca

n r
ota

te 
ind

efi
nit

ely
. 

Co
nti

nu
ou

s s
er

vo
s a

re
 co

mm
on

ly 
us

ed
 in

 
ap

pli
ca

tio
ns

 w
he

re
 co

nti
nu

ou
s m

oti
on

 or
 

sp
ee

d c
on

tro
l is

 ne
ed

ed
, s

uc
h a

s r
ob

ot 
wh

ee
ls 

or
 co

nv
ey

or
 be

lts
. 

It a
lso

 us
es

 P
W

M 
sig

na
ls 

for
 co

ntr
ol,

 bu
t th

e 
po

sit
ion

 is
 no

t fi
xe

d; 
ins

tea
d, 

the
 du

ty 
cy

cle
 

co
rre

sp
on

ds
 to

 th
e s

pe
ed

 an
d d

ire
cti

on
 of

 
ro

tat
ion

. 
Fo

r a
 co

nti
nu

ou
s s

er
vo

, th
e c

en
tre

 (n
eu

tra
l) 

po
sit

ion
 is

 us
ua

lly
 ar

ou
nd

 1.
5 m

illi
se

co
nd

s, 
bu

t y
ou

 ca
n a

dju
st 

thi
s t

o s
top

 th
e s

er
vo

 
ba

se
d o

n t
he

 sp
ec

ific
 se

rvo
's 

ch
ar

ac
ter

ist
ics

. 

 
 

 

Al
so

 se
e: 

htt
ps

://m
ak

ec
od

e.m
icr

ob
it.o

rg
/re

fer
en

ce
/se

rvo
s  

an
d h

ttp
s:/

/lit
tle

bir
de

lec
tro

nic
s.c

om
.au

/gu
ide

s/1
91

/se
rv

o-
wi

th-
mi

cro
-b

it  
 Th

e l
ea

rn
er

s n
ee

d t
o p

re
se

nt 
a c

on
ce

ptu
al 

un
de

rst
an

din
g o

f h
ow

 di
ffe

re
nt 

se
rvo

s c
ou

ld 
be

 us
ed

 to
 cr

ea
te 

me
ch

an
ica

l a
ctu

ato
rs 

an
d r

ob
ot 

ar
ms

. 
Ou

tlin
e t

he
 ba

sic
 en

gin
ee

rin
g p

rin
cip

les
 be

hin
d h

ow
 se

rvo
 m

oto
rs 

co
uld

 be
 us

ed
 to

 
cre

ate
 gr

ipp
er

s a
nd

 ac
tua

tor
s i

n a
 ro

bo
tic

s p
ro

jec
t. 

Ou
tlin

e t
he

 ba
sic

 en
gin

ee
rin

g p
rin

cip
les

 be
hin

d h
ow

 se
rvo

 m
oto

rs 
co

uld
 be

 us
ed

 to
 

cre
ate

 si
mp

le 
ro

bo
tic

 ar
ms

 to
 m

im
ic 

mo
ve

me
nt.

  

 
htt

ps
://w

ww
.th

ing
ive

rse
.co

m/
thi

ng
:71

55
25

 
 

htt
ps

://w
ww

.in
str

uc
tab

les
.co

m/
Ho

w-
to-

Ma
ke

-R
ec

or
d-

an
d-

Pl
ay

-S
er

vo
-B

as
ed

-R
ob

oti
c-

Ar
/ 

 R.
5 D

es
ig

n 
a s

im
pl

e a
rte

fa
ct

 b
as

ed
 o

n 
a s

et
 o

f d
es

ig
n 

in
st

ru
ct

io
ns

 
Li

nk
 to

 R
.7 

R.
5 a

nd
 R

.6 
do

ne
 to

ge
th

er
 

Re
vis

e t
he

 co
nc

ep
t o

f c
om

mu
nic

ati
on

 be
tw

ee
n t

wo
 de

vic
es

 
In 

Gr
ad

e 7
 si

mp
le 

ra
dio

co
mm

un
ica

tio
n b

etw
ee

n t
wo

 de
vic

es
 

wa
s d

on
e u

sin
g n

um
be

rs.
 

In 
Gr

ad
e 8

 st
rin

gs
 ar

e a
lso

 pa
ss

ed
 an

d c
om

pa
re

d.
 

 

R.
6 M

im
ic 

th
e o

pe
ra

tio
ns

 o
f a

 ro
bo

t 
Ex

am
pl

e a
ct

ivi
ty

 – 
Co

nt
ro

l a
 co

nt
in

uo
us

 se
rv

o 
an

d 
LE

Ds
 u

sin
g 

ra
di

o 
co

m
m

un
ica

tio
n\

 
Th

e d
ire

cti
on

 of
 th

e s
er

vo
 is

 ch
an

ge
d b

y t
ilti

ng
 th

e m
icr

oc
on

tro
lle

r a
nd

 th
e L

ED
s b

y s
en

din
g s

ign
als

 w
he

n b
utt

on
s A

, B
 an

d t
he

 lo
go

 ar
e p

re
ss

ed
 

 



115CODING AND ROBOTICSCAPS

Co
nt

en
t (

Gr
ad

e 8
 / T

er
m

 3)
 

No
te

s/E
xa

m
pl

es
 

C.
6 R

ec
og

ni
se

 an
d 

in
te

rp
re

t p
at

te
rn

s i
n 

sy
m

bo
lic

 se
ts

 o
f d

at
a o

r v
isu

ali
sa

tio
ns

 
Li

nk
 to

 C
.1 

- C
.5 

an
d 

C.
7 a

s w
ell

 as
 R

.5 
– R

.6 
Ex

am
pl

e a
ct

ivi
ty

 
Th

e b
ird

 m
us

t c
atc

h t
he

 w
or

m,
 bu

t th
er

e i
s a

 m
ist

ak
e i

n t
he

 co
de

 th
at 

the
 

bir
d m

us
t fo

llo
w 

W
hic

h p
ar

t o
f th

e b
loc

k c
od

e c
on

tai
ns

 a 
mi

sta
ke

?, 
 

A,
 B

, C
 or

 D
? 

20
20

-T
S-

Int
er

me
dia

te-
Qu

es
tio

n-
Pa

pe
r.p

df 
(o

lym
pia

d.o
rg

.za
) 

 

C.
7 C

re
at

e o
r c

om
pl

et
e a

 p
at

te
rn

 to
 re

pr
es

en
t a

 d
at

a s
et

 
Li

nk
 to

 C
.6 

Ex
am

pl
e a

ct
ivi

ty
 

Re
fer

 to
 th

e a
cti

vit
y i

n C
.3 

ab
ov

e.
 

In 
pa

irs
, le

ar
ne

rs 
de

sig
n, 

cre
ate

 an
d c

od
e t

he
ir o

wn
 pa

tte
rn

s 

Li
nk

 to
 C

.3 

Ro
bo

tic
s 

Li
nk

 to
 R

.1 
– R

.6 
R.

3 O
ut

lin
e t

he
 d

iff
er

en
t c

om
po

ne
nt

s o
f a

 ro
bo

t 
 

Re
vis

e t
he

 el
ec

tro
nic

 co
mp

on
en

ts 
an

d s
en

so
rs 

an
d a

ctu
ato

rs 
co

ve
re

d t
hu

s f
ar

. 
 Se

rv
o 

Mo
to

rs
  

Le
ar

ne
rs 

mu
st 

ex
pla

in 
wh

at 
the

 fo
llo

wi
ng

 se
gm

en
ts 

of 
co

de
 w

ill 
do

 w
he

n e
xe

cu
ted

 on
 a 

18
0-

de
gr

ee
 se

rvo
 as

 op
po

se
d t

o a
 36

0-
de

gr
ee

 co
nti

nu
ou

s s
er

vo
, a

nd
 

ap
ply

 it 
in 

an
 ap

pli
ca

tio
n a

s r
eq

uir
ed

 
 

 
 

 
 Th

e l
ea

rn
er

s s
ho

uld
 be

 ab
le 

to 
ex

pla
in 

wh
at 

the
 fo

llo
wi

ng
 se

gm
en

ts 
of 

co
de

 w
ill 

do
 w

he
n e

xe
cu

ted
 on

 a 
36

0-
de

gr
ee

 co
nti

nu
ou

s s
er

vo
 an

d a
pp

ly 
it i

n a
n 

ap
pli

ca
tio

n a
s r

eq
uir

ed
. 

 

 
 

 
    

Le
ar

ne
rs

 m
us

t 
• 

dif
fer

en
tia

te 
be

tw
ee

n a
 18

0-
de

gr
ee

 se
rvo

 an
d a

 36
0-

de
gr

ee
 

(co
nti

nu
ou

s r
ota

tio
n s

er
vo

), 
in 

ter
ms

 of
 its

 m
ec

ha
nic

al 
op

er
ati

on
 an

d h
ow

 its
 co

de
d. 

 
• 

pr
es

en
t a

 ba
sic

 un
de

rst
an

din
g o

f th
e c

on
ce

pt 
of 

pu
lse

 w
idt

h 
mo

du
lat

ion
 (P

W
M)

 
• 

dis
tin

gu
ish

 be
tw

ee
n a

 18
0 d

eg
re

e a
nd

 a 
36

0 d
eg

re
e s

er
vo

 
mo

tor
 an

d a
pp

ly 
bo

th 
wh

er
e a

pp
ro

pr
iat

e 
 

Co
nt

en
t (

Gr
ad

e 8
 / T

er
m

 3)
 

No
te

s/E
xa

m
pl

es
 

18
0 D

eg
re

e M
icr

o 
Se

rv
o 

36
0-

De
gr

ee
 C

on
tin

uo
us

 S
er

vo
 

Me
ch

an
ica

l O
pe

ra
tio

n 
  

 
Me

ch
an

ica
l O

pe
ra

tio
n 

  
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
 

A 
18

0-
de

gr
ee

 m
icr

o s
er

vo
 is

 a 
typ

e o
f 

se
rvo

 m
oto

r t
ha

t c
an

 ro
tat

e p
re

cis
ely

 
wi

thi
n a

 18
0-

de
gr

ee
 ra

ng
e. 

It h
as

 a 
lim

ite
d r

an
ge

 of
 m

oti
on

, ty
pic

all
y 

fro
m 

0 d
eg

re
es

 (f
ull

y c
ou

nte
rcl

oc
kw

ise
) t

o 
18

0 d
eg

re
es

 (f
ull

y c
loc

kw
ise

). 
It i

s d
es

ign
ed

 fo
r a

pp
lic

ati
on

s w
he

re
 

pr
ec

ise
 an

gu
lar

 co
ntr

ol 
wi

thi
n t

his
 lim

ite
d 

ra
ng

e i
s r

eq
uir

ed
, s

uc
h a

s s
tee

rin
g 

me
ch

an
ism

s o
r r

ob
ot 

joi
nts

 th
at 

do
 no

t 
ne

ed
 co

nti
nu

ou
s r

ota
tio

n. 
It o

pe
ra

tes
 by

 re
ce

ivi
ng

 P
W

M 
sig

na
ls 

wh
er

e t
he

 du
ty 

cy
cle

 of
 th

e P
W

M 
sig

na
l 

co
rre

sp
on

ds
 to

 th
e d

es
ire

d s
er

vo
 po

sit
ion

. 
Th

e s
er

vo
's 

sh
aft

 po
sit

ion
 is

 de
ter

mi
ne

d 
by

 th
e w

idt
h o

f th
e h

igh
 (o

n)
 pu

lse
 in

 th
e 

PW
M 

sig
na

l, w
ith

 a 
typ

ica
l ra

ng
e o

f 1
 to

 2 
mi

llis
ec

on
ds

, w
he

re
 1 

ms
 co

rre
sp

on
ds

 to
 

0 d
eg

re
es

, a
nd

 2 
ms

 co
rre

sp
on

ds
 to

 18
0 

de
gr

ee
s. 

 
 

 

A 
36

0-
de

gr
ee

 co
nti

nu
ou

s s
er

vo
, o

n t
he

 ot
he

r 
ha

nd
, c

an
 ro

tat
e c

on
tin

uo
us

ly 
in 

eit
he

r 
dir

ec
tio

n w
ith

ou
t a

ny
 ph

ys
ica

l s
top

s. 
It d

oe
sn

't h
av

e a
 fix

ed
 en

dp
oin

t li
ke

 a 
18

0-
de

gr
ee

 se
rvo

; it
 ca

n r
ota

te 
ind

efi
nit

ely
. 

Co
nti

nu
ou

s s
er

vo
s a

re
 co

mm
on

ly 
us

ed
 in

 
ap

pli
ca

tio
ns

 w
he

re
 co

nti
nu

ou
s m

oti
on

 or
 

sp
ee

d c
on

tro
l is

 ne
ed

ed
, s

uc
h a

s r
ob

ot 
wh

ee
ls 

or
 co

nv
ey

or
 be

lts
. 

It a
lso

 us
es

 P
W

M 
sig

na
ls 

for
 co

ntr
ol,

 bu
t th

e 
po

sit
ion

 is
 no

t fi
xe

d; 
ins

tea
d, 

the
 du

ty 
cy

cle
 

co
rre

sp
on

ds
 to

 th
e s

pe
ed

 an
d d

ire
cti

on
 of

 
ro

tat
ion

. 
Fo

r a
 co

nti
nu

ou
s s

er
vo

, th
e c

en
tre

 (n
eu

tra
l) 

po
sit

ion
 is

 us
ua

lly
 ar

ou
nd

 1.
5 m

illi
se

co
nd

s, 
bu

t y
ou

 ca
n a

dju
st 

thi
s t

o s
top

 th
e s

er
vo

 
ba

se
d o

n t
he

 sp
ec

ific
 se

rvo
's 

ch
ar

ac
ter

ist
ics

. 

 
 

 

Al
so

 se
e: 

htt
ps

://m
ak

ec
od

e.m
icr

ob
it.o

rg
/re

fer
en

ce
/se

rvo
s  

an
d h

ttp
s:/

/lit
tle

bir
de

lec
tro

nic
s.c

om
.au

/gu
ide

s/1
91

/se
rv

o-
wi

th-
mi

cro
-b

it  
 Th

e l
ea

rn
er

s n
ee

d t
o p

re
se

nt 
a c

on
ce

ptu
al 

un
de

rst
an

din
g o

f h
ow

 di
ffe

re
nt 

se
rvo

s c
ou

ld 
be

 us
ed

 to
 cr

ea
te 

me
ch

an
ica

l a
ctu

ato
rs 

an
d r

ob
ot 

ar
ms

. 
Ou

tlin
e t

he
 ba

sic
 en

gin
ee

rin
g p

rin
cip

les
 be

hin
d h

ow
 se

rvo
 m

oto
rs 

co
uld

 be
 us

ed
 to

 
cre

ate
 gr

ipp
er

s a
nd

 ac
tua

tor
s i

n a
 ro

bo
tic

s p
ro

jec
t. 

Ou
tlin

e t
he

 ba
sic

 en
gin

ee
rin

g p
rin

cip
les

 be
hin

d h
ow

 se
rvo

 m
oto

rs 
co

uld
 be

 us
ed

 to
 

cre
ate

 si
mp

le 
ro

bo
tic

 ar
ms

 to
 m

im
ic 

mo
ve

me
nt.

  

 
htt

ps
://w

ww
.th

ing
ive

rse
.co

m/
thi

ng
:71

55
25

 
 

htt
ps

://w
ww

.in
str

uc
tab

les
.co

m/
Ho

w-
to-

Ma
ke

-R
ec

or
d-

an
d-

Pl
ay

-S
er

vo
-B

as
ed

-R
ob

oti
c-

Ar
/ 

 R.
5 D

es
ig

n 
a s

im
pl

e a
rte

fa
ct

 b
as

ed
 o

n 
a s

et
 o

f d
es

ig
n 

in
st

ru
ct

io
ns

 
Li

nk
 to

 R
.7 

R.
5 a

nd
 R

.6 
do

ne
 to

ge
th

er
 

Re
vis

e t
he

 co
nc

ep
t o

f c
om

mu
nic

ati
on

 be
tw

ee
n t

wo
 de

vic
es

 
In 

Gr
ad

e 7
 si

mp
le 

ra
dio

co
mm

un
ica

tio
n b

etw
ee

n t
wo

 de
vic

es
 

wa
s d

on
e u

sin
g n

um
be

rs.
 

In 
Gr

ad
e 8

 st
rin

gs
 ar

e a
lso

 pa
ss

ed
 an

d c
om

pa
re

d.
 

 

R.
6 M

im
ic 

th
e o

pe
ra

tio
ns

 o
f a

 ro
bo

t 
Ex

am
pl

e a
ct

ivi
ty

 – 
Co

nt
ro

l a
 co

nt
in

uo
us

 se
rv

o 
an

d 
LE

Ds
 u

sin
g 

ra
di

o 
co

m
m

un
ica

tio
n\

 
Th

e d
ire

cti
on

 of
 th

e s
er

vo
 is

 ch
an

ge
d b

y t
ilti

ng
 th

e m
icr

oc
on

tro
lle

r a
nd

 th
e L

ED
s b

y s
en

din
g s

ign
als

 w
he

n b
utt

on
s A

, B
 an

d t
he

 lo
go

 ar
e p

re
ss

ed
 

 



116 CURRICULUM AND ASSESSMENT POLICY STATEMENT

Co
nt

en
t (

Gr
ad

e 8
 / T

er
m

 3)
 

No
te

s/E
xa

m
pl

es
 

 
 Se

nd
er

 A
pp

 
              Re

ce
ive

r A
pp

 
                  

 

Pr
oj

ec
t 

 

Th
e l

ea
rn

er
s m

us
t b

e a
ble

 to
 ap

ply
 th

e 
pr

inc
ipl

es
 of

 de
sig

n t
hin

kin
g t

o d
ev

elo
p 

an
 ar

tef
ac

t w
he

re
 ra

dio
co

mm
un

ica
tio

n 
ar

e u
se

d f
or

 co
ntr

ol 
pu

rp
os

es
.  

Fo
r t

he
 pr

oje
ct,

 a 
mi

nim
um

 of
 O

NE
 

se
ns

or
 or

 ac
tua

tor
 sh

ou
ld 

be
 us

ed
, a

s 
we

ll a
s a

ny
 nu

mb
er

 of
 ad

dit
ion

al 
ha

rd
wa

re
 co

mp
on

en
ts 

(L
ED

’s 
Bu

zz
er

s, 
Bu

tto
ns

 et
c) 

Co
nt

en
t (

Gr
ad

e 8
 / T

er
m

 3)
 

No
te

s/E
xa

m
pl

es
 

 

R.
7 C

re
at

e, 
te

st
 an

d 
ex

ec
ut

e a
 se

t o
f r

ob
ot

ic 
in

st
ru

ct
io

ns
  

Li
nk

 to
 R

.5 
an

d 
R.

6 
Ex

am
pl

e a
ct

ivi
ty

 - 
Pe

t f
ee

de
r 

Th
e p

ur
po

se
 of

 th
e g

am
e i

s t
o m

ak
e t

he
 si

ze
 of

 a 
pe

t g
ro

w 
or

 sh
rin

k d
ep

en
din

g o
n w

he
the

r t
he

 pe
t is

 fe
d o

r n
ot.

 
• 

St
ar

t w
ith

 th
e s

ma
lle

st 
cir

cle
 or

 sm
all

es
t s

qu
ar

e o
n t

he
 m

icr
oc

on
tro

lle
r (

yo
ur

 pe
t).

 C
alc

ula
te 

the
 ar

ea
 fo

r t
he

 in
itia

l c
irc

le 
or

 sq
ua

re
. (

As
su

me
 ra

diu
s=

1 o
r 

len
gth

=1
). 

• 
W

he
n y

ou
 pr

es
s b

utt
on

 A
, th

e p
et 

mu
st 

“g
ro

w”
 w

ith
 1 

un
it. 

Ca
lcu

lat
e a

nd
 di

sp
lay

 th
e n

ew
 ar

ea
 an

d d
isp

lay
 an

 im
ag

e o
f th

e l
ar

ge
r p

et.
 

• 
W

he
n y

ou
 pr

es
s b

utt
on

 B
, th

e p
et 

mu
st 

“sh
rin

k” 
wi

th 
1 u

nit
. C

alc
ula

te 
an

d d
isp

lay
 th

e n
ew

 ar
ea

 an
d a

n i
ma

ge
 of

 th
e s

ma
lle

r p
et

. 
• 

If t
he

 pe
t g

ro
ws

 be
yo

nd
 th

e b
ou

nd
ar

ies
 of

 th
e m

icr
oc

on
tro

lle
r, 

dis
pla

y a
n “

ex
plo

de
” ic

on
. 

• 
If t

he
 pe

t s
hr

ink
s s

o t
ha

t it
 is

 sm
all

er
 th

an
 its

 in
itia

l s
ize

, d
isp

lay
 a 

“d
isa

pp
ea

r” 
ico

n. 

 

Di
gi

ta
l C

on
ce

pt
s 

 
D.

1 O
ut

lin
e t

he
 co

nc
ep

t o
f t

ec
hn

ol
og

y a
nd

 p
ur

po
se

 o
f i

nf
or

m
at

io
n 

te
ch

no
lo

gy
 (I

T)
  

Li
nk

 to
 D

.1,
 D

.3,
 D

.4,
 D

.5 
an

d 
D.

7, 
D.

2 R
ec

og
ni

se
 th

at
 h

e o
r s

he
 is

 liv
in

g 
as

 ci
tiz

en
s i

n 
a d

ig
ita

l w
or

ld
.  

 
Pr

es
en

t a
n u

nd
er

sta
nd

ing
 of

 th
e d

an
ge

rs 
of 

the
 on

lin
e e

nv
iro

nm
en

t. 
 

Ex
pla

in 
on

lin
e s

afe
ty,

 re
sp

on
sib

le 
us

e o
f s

oc
ial

 m
ed

ia 
(W

ha
tsA

pp
/T

ikT
ok

/In
sta

gr
am

 et
c),

 P
OP

I A
ct.

   
Ex

am
pl

e a
ct

ivi
ty

 1:
 

De
fin

e r
es

po
ns

ibl
e u

se
 of

 so
cia

l m
ed

ia 
an

d i
ts 

va
rio

us
 fo

rm
s. 

Di
sc

us
s t

he
 em

oti
on

al 
an

d p
sy

ch
olo

gic
al 

im
pa

ct 
of 

so
cia

l m
ed

ia 
on

 in
div

idu
als

. 
Sh

ar
e e

xa
mp

les
 of

 so
cia

l m
ed

ia 
inc

ide
nts

. 
Ex

am
pl

e a
ct

ivi
ty

 2:
  

1. 
Ca

n y
ou

 co
me

 up
 w

ith
 a 

re
al-

life
 sc

en
ar

io 
wh

er
e o

nli
ne

 sa
fet

y m
ea

su
re

s w
ou

ld 
be

 cr
uc

ial
 to

 pr
ev

en
t h

ar
m 

or
 pr

ote
ct 

pe
rso

na
l in

for
ma

tio
n?

 
2. 

Sh
ar

e a
n e

xa
mp

le 
of 

a r
es

po
ns

ibl
e s

oc
ial

 m
ed

ia 
po

st 
an

d e
xp

lai
n w

hy
 it 

de
mo

ns
tra

tes
 re

sp
on

sib
le 

us
e.

 
3. 

Di
sc

us
s t

he
 po

ten
tia

l c
on

se
qu

en
ce

s o
f s

ha
rin

g p
er

so
na

l in
for

ma
tio

n o
nli

ne
 w

ith
ou

t c
on

sid
er

ing
 pr

iva
cy

 se
ttin

gs
. 

Li
nk

 to
 D

.6 

D.
3 D

em
on

st
ra

te
 an

 u
nd

er
st

an
di

ng
 o

f t
he

 co
nc

ep
t o

f a
 co

m
pu

tin
g 

de
vic

e.
  

Li
nk

 to
 D

.3,
 D

.4 
an

d 
D.

6 a
nd

 R
.3 

Ex
am

pl
e a

ct
ivi

ty
 – 

Mi
cr

op
ro

ce
ss

or
s v

s M
icr

oc
on

tro
lle

rs
 

To
da

y, 
bo

th 
mi

cro
pr

oc
es

so
rs 

an
d m

icr
oc

on
tro

lle
rs 

ar
e t

wo
 es

se
nti

al 
co

mp
on

en
ts 

of 
mo

de
rn

 e
lec

tro
nic

s. 
Int

ro
du

ce
 th

e c
oc

ep
t o

f m
icr

op
ro

ce
ss

or
s o

r m
icr

oc
on

tro
lle

rs 
as

 
co

mp
uti

ng
 de

vic
es

  
 Le

ar
ne

rs 
ne

ed
 to

, a
t a

 ba
sic

 le
ve

l,  
• 

Un
de

rst
an

d w
ha

t a
 m

icr
op

ro
ce

ss
or

 is
 



117CODING AND ROBOTICSCAPS

Co
nt

en
t (

Gr
ad

e 8
 / T

er
m

 3)
 

No
te

s/E
xa

m
pl

es
 

 
 Se

nd
er

 A
pp

 
              Re

ce
ive

r A
pp

 
                  

 

Pr
oj

ec
t 

 

Th
e l

ea
rn

er
s m

us
t b

e a
ble

 to
 ap

ply
 th

e 
pr

inc
ipl

es
 of

 de
sig

n t
hin

kin
g t

o d
ev

elo
p 

an
 ar

tef
ac

t w
he

re
 ra

dio
co

mm
un

ica
tio

n 
ar

e u
se

d f
or

 co
ntr

ol 
pu

rp
os

es
.  

Fo
r t

he
 pr

oje
ct,

 a 
mi

nim
um

 of
 O

NE
 

se
ns

or
 or

 ac
tua

tor
 sh

ou
ld 

be
 us

ed
, a

s 
we

ll a
s a

ny
 nu

mb
er

 of
 ad

dit
ion

al 
ha

rd
wa

re
 co

mp
on

en
ts 

(L
ED

’s 
Bu

zz
er

s, 
Bu

tto
ns

 et
c) 

Co
nt

en
t (

Gr
ad

e 8
 / T

er
m

 3)
 

No
te

s/E
xa

m
pl

es
 

 

R.
7 C

re
at

e, 
te

st
 an

d 
ex

ec
ut

e a
 se

t o
f r

ob
ot

ic 
in

st
ru

ct
io

ns
  

Li
nk

 to
 R

.5 
an

d 
R.

6 
Ex

am
pl

e a
ct

ivi
ty

 - 
Pe

t f
ee

de
r 

Th
e p

ur
po

se
 of

 th
e g

am
e i

s t
o m

ak
e t

he
 si

ze
 of

 a 
pe

t g
ro

w 
or

 sh
rin

k d
ep

en
din

g o
n w

he
the

r t
he

 pe
t is

 fe
d o

r n
ot.

 
• 

St
ar

t w
ith

 th
e s

ma
lle

st 
cir

cle
 or

 sm
all

es
t s

qu
ar

e o
n t

he
 m

icr
oc

on
tro

lle
r (

yo
ur

 pe
t).

 C
alc

ula
te 

the
 ar

ea
 fo

r t
he

 in
itia

l c
irc

le 
or

 sq
ua

re
. (

As
su

me
 ra

diu
s=

1 o
r 

len
gth

=1
). 

• 
W

he
n y

ou
 pr

es
s b

utt
on

 A
, th

e p
et 

mu
st 

“g
ro

w”
 w

ith
 1 

un
it. 

Ca
lcu

lat
e a

nd
 di

sp
lay

 th
e n

ew
 ar

ea
 an

d d
isp

lay
 an

 im
ag

e o
f th

e l
ar

ge
r p

et.
 

• 
W

he
n y

ou
 pr

es
s b

utt
on

 B
, th

e p
et 

mu
st 

“sh
rin

k” 
wi

th 
1 u

nit
. C

alc
ula

te 
an

d d
isp

lay
 th

e n
ew

 ar
ea

 an
d a

n i
ma

ge
 of

 th
e s

ma
lle

r p
et

. 
• 

If t
he

 pe
t g

ro
ws

 be
yo

nd
 th

e b
ou

nd
ar

ies
 of

 th
e m

icr
oc

on
tro

lle
r, 

dis
pla

y a
n “

ex
plo

de
” ic

on
. 

• 
If t

he
 pe

t s
hr

ink
s s

o t
ha

t it
 is

 sm
all

er
 th

an
 its

 in
itia

l s
ize

, d
isp

lay
 a 

“d
isa

pp
ea

r” 
ico

n. 

 

Di
gi

ta
l C

on
ce

pt
s 

 
D.

1 O
ut

lin
e t

he
 co

nc
ep

t o
f t

ec
hn

ol
og

y a
nd

 p
ur

po
se

 o
f i

nf
or

m
at

io
n 

te
ch

no
lo

gy
 (I

T)
  

Li
nk

 to
 D

.1,
 D

.3,
 D

.4,
 D

.5 
an

d 
D.

7, 
D.

2 R
ec

og
ni

se
 th

at
 h

e o
r s

he
 is

 liv
in

g 
as

 ci
tiz

en
s i

n 
a d

ig
ita

l w
or

ld
.  

 
Pr

es
en

t a
n u

nd
er

sta
nd

ing
 of

 th
e d

an
ge

rs 
of 

the
 on

lin
e e

nv
iro

nm
en

t. 
 

Ex
pla

in 
on

lin
e s

afe
ty,

 re
sp

on
sib

le 
us

e o
f s

oc
ial

 m
ed

ia 
(W

ha
tsA

pp
/T

ikT
ok

/In
sta

gr
am

 et
c),

 P
OP

I A
ct.

   
Ex

am
pl

e a
ct

ivi
ty

 1:
 

De
fin

e r
es

po
ns

ibl
e u

se
 of

 so
cia

l m
ed

ia 
an

d i
ts 

va
rio

us
 fo

rm
s. 

Di
sc

us
s t

he
 em

oti
on

al 
an

d p
sy

ch
olo

gic
al 

im
pa

ct 
of 

so
cia

l m
ed

ia 
on

 in
div

idu
als

. 
Sh

ar
e e

xa
mp

les
 of

 so
cia

l m
ed

ia 
inc

ide
nts

. 
Ex

am
pl

e a
ct

ivi
ty

 2:
  

1. 
Ca

n y
ou

 co
me

 up
 w

ith
 a 

re
al-

life
 sc

en
ar

io 
wh

er
e o

nli
ne

 sa
fet

y m
ea

su
re

s w
ou

ld 
be

 cr
uc

ial
 to

 pr
ev

en
t h

ar
m 

or
 pr

ote
ct 

pe
rso

na
l in

for
ma

tio
n?

 
2. 

Sh
ar

e a
n e

xa
mp

le 
of 

a r
es

po
ns

ibl
e s

oc
ial

 m
ed

ia 
po

st 
an

d e
xp

lai
n w

hy
 it 

de
mo

ns
tra

tes
 re

sp
on

sib
le 

us
e.

 
3. 

Di
sc

us
s t

he
 po

ten
tia

l c
on

se
qu

en
ce

s o
f s

ha
rin

g p
er

so
na

l in
for

ma
tio

n o
nli

ne
 w

ith
ou

t c
on

sid
er

ing
 pr

iva
cy

 se
ttin

gs
. 

Li
nk

 to
 D

.6 

D.
3 D

em
on

st
ra

te
 an

 u
nd

er
st

an
di

ng
 o

f t
he

 co
nc

ep
t o

f a
 co

m
pu

tin
g 

de
vic

e.
  

Li
nk

 to
 D

.3,
 D

.4 
an

d 
D.

6 a
nd

 R
.3 

Ex
am

pl
e a

ct
ivi

ty
 – 

Mi
cr

op
ro

ce
ss

or
s v

s M
icr

oc
on

tro
lle

rs
 

To
da

y, 
bo

th 
mi

cro
pr

oc
es

so
rs 

an
d m

icr
oc

on
tro

lle
rs 

ar
e t

wo
 es

se
nti

al 
co

mp
on

en
ts 

of 
mo

de
rn

 e
lec

tro
nic

s. 
Int

ro
du

ce
 th

e c
oc

ep
t o

f m
icr

op
ro

ce
ss

or
s o

r m
icr

oc
on

tro
lle

rs 
as

 
co

mp
uti

ng
 de

vic
es

  
 Le

ar
ne

rs 
ne

ed
 to

, a
t a

 ba
sic

 le
ve

l,  
• 

Un
de

rst
an

d w
ha

t a
 m

icr
op

ro
ce

ss
or

 is
 



118 CURRICULUM AND ASSESSMENT POLICY STATEMENT

Co
nt

en
t (

Gr
ad

e 8
 / T

er
m

 3)
 

No
te

s/E
xa

m
pl

es
 

Co
nt

en
t: 

De
fin

iti
on

 an
d 

Fu
nc

tio
ns

: 
Mi

cr
oc

on
tro

lle
r 

• 
A 

mi
cro

co
ntr

oll
er

 is
 a 

sm
all

, in
teg

ra
ted

 co
mp

ute
r t

ha
t is

 de
sig

ne
d f

or
 sp

ec
ific

 ta
sk

s, 
ap

pli
ca

tio
ns

 or
 em

be
dd

ed
 sy

ste
ms

.   
• 

It i
nc

lud
es

 a 
re

lat
ive

ly 
sim

ple
 C

PU
 (C

en
tra

l P
ro

ce
ss

ing
 U

nit
), 

co
mb

ine
d w

ith
 pe

rip
he

ra
l d

ev
ice

s s
uc

h a
s m

em
or

y, 
inp

ut/
ou

tpu
t 

po
rts

, a
nd

 tim
er

s o
n a

 si
ng

le 
ch

ip.
 

Mi
cr

op
ro

ce
ss

or
 

• 
A 

mi
cro

pr
oc

es
so

r is
 a 

ge
ne

ra
l-p

ur
po

se
 co

mp
ute

r c
om

po
ne

nt 
tha

t e
xe

cu
tes

 in
str

uc
tio

ns
 fr

om
 a 

co
mp

ute
r p

ro
gr

am
 an

d a
 

ge
ne

ra
l-p

ur
po

se
 co

mp
uti

ng
 de

vic
e. 

It c
an

 pe
rfo

rm
 va

rio
us

 fu
nc

tio
ns

 de
pe

nd
ing

 on
 th

e p
ro

gr
am

 
• 

Th
e m

icr
op

ro
ce

ss
or

 ch
ip 

do
es

 no
t ty

pic
all

y h
av

e b
uil

t-in
 m

em
or

y o
r in

pu
t/o

utp
ut 

ca
pa

bil
itie

s l
ike

 a 
mi

cro
co

ntr
oll

er
.  

Di
ffe

re
nc

es
: 

1. 
mi

cro
co

ntr
oll

er
s a

re
 de

sig
ne

d f
or

 sp
ec

ific
 ta

sk
s o

r e
mb

ed
de

d s
ys

tem
s, 

wh
ile

 m
icr

op
ro

ce
ss

or
s a

re
 th

e c
en

tra
l p

ro
ce

ss
ing

 
un

its
 (C

PU
s) 

in 
co

mp
ute

rs 
us

ed
 in

 m
ult

i-p
ur

po
se

 co
mp

uti
ng

 de
vic

es
. 

2. 
Cr

ea
te 

a t
ab

le 
on

 th
e b

oa
rd

 or
 a 

sli
de

 (if
 us

ing
 a 

pr
oje

cto
r) 

to 
co

mp
ar

e m
icr

oc
on

tro
lle

rs 
an

d m
icr

op
ro

ce
ss

or
s: 

As
pe

ct
 

Mi
cr

oc
on

tro
lle

r 
Mi

cr
op

ro
ce

ss
or

 (C
PU

) 
Pu

rp
os

e 
Sp

ec
ific

 ta
sk

s o
r f

un
cti

on
s 

Ge
ne

ra
l-p

ur
po

se
 co

mp
uti

ng
 

Inp
ut/

Ou
tpu

t p
or

ts 
Ye

s (
on

 ch
ip)

 
No

 (s
ep

ar
ate

) 
Me

mo
ry 

Inc
lud

ed
 (o

n c
hip

) 
Se

pa
ra

te 
Ex

am
ple

s 
Ar

du
ino

, M
icr

oc
on

tro
lle

r, 
 

Int
el,

 A
MD

 pr
oc

es
so

rs 
Ap

pl
ica

tio
ns

: 
• 

Di
sc

us
s s

om
e c

om
mo

n a
pp

lic
ati

on
s o

f m
icr

oc
on

tro
lle

rs:
 

• 
Mi

cro
co

ntr
oll

er
s a

re
 of

ten
 us

ed
 in

 de
vic

es
 lik

e w
as

hin
g m

ac
hin

es
, m

icr
ow

av
e o

ve
ns

, r
em

ote
 co

ntr
ols

, a
nd

 em
be

dd
ed

 sy
ste

ms
. 

• 
Th

ey
 ar

e e
xc

ell
en

t fo
r t

as
ks

 th
at 

re
qu

ire
 re

al-
tim

e c
on

tro
l a

nd
 lo

w 
po

we
r c

on
su

mp
tio

n. 
• 

Th
e m

icr
oc

on
tro

lle
r i

s a
n e

xa
mp

le 
of 

a m
icr

oc
on

tro
lle

r a
s i

t is
 a 

sm
all

 de
vic

e t
ha

t c
an

 ru
n p

ro
gr

am
s a

nd
 in

ter
ac

t w
ith

 se
ns

or
s, 

bu
tto

ns
, L

ED
s 

an
d o

the
r c

om
po

ne
nts

 
• 

Di
sc

us
s c

om
mo

n a
pp

lic
ati

on
s o

f m
icr

op
ro

ce
ss

or
s: 

• 
Mi

cro
pr

oc
es

so
rs 

po
we

r p
er

so
na

l c
om

pu
ter

s, 
lap

top
s, 

sm
ar

tph
on

es
, a

nd
 se

rve
rs.

 
• 

Th
ey

 ar
e s

uit
ab

le 
for

 ta
sk

s t
ha

t r
eq

uir
e h

igh
 co

mp
uta

tio
na

l p
ow

er
 an

d m
ult

ita
sk

ing
 ca

pa
bil

itie
s. 

• 
Un

de
rst

an
d w

ha
t a

 m
icr

oc
on

tro
lle

r is
 

• 
Pr

ov
ide

 an
 ex

am
ple

 of
 ea

ch
 

• 
Di

ffe
re

nti
ate

 be
tw

ee
n a

 m
icr

oc
on

tro
lle

r a
nd

 a 
mi

cro
pr

oc
es

so
r 

 Ex
am

pl
e:

 
Mi

cro
co

ntr
oll

er
 is

 a 
sm

all
 co

mp
uti

ng
 de

vic
e t

ha
t c

an
 ru

n 
pr

og
ra

ms
 an

d i
nte

ra
ct 

wi
th 

se
ns

or
s, 

bu
tto

ns
, L

ED
s a

nd
 ot

he
r 

co
mp

on
en

ts 
 

 

D.
4 I

de
nt

ify
 th

e c
om

m
on

 u
se

s o
f I

CT
 in

 th
e r

ea
l w

or
ld

  
Li

nk
 to

 D
.5 

an
d 

D.
6 

D.
5. 

Di
ffe

re
nt

iat
e b

et
we

en
 th

e c
om

po
ne

nt
s o

f a
n 

IC
T 

sy
st

em
  

Li
nk

 to
 D

.5 
Int

ro
du

ce
 th

e f
oll

ow
ing

 co
nc

ep
ts 

fire
wa

ll i
n a

 ne
tw

or
k, 

Int
er

ne
t s

er
vic

e p
ro

vid
er

 (I
SP

), 
int

er
ne

t a
dd

re
ss

.  
 Us

e a
 fir

ew
all

 to
 pr

ote
ct 

ne
tw

or
k r

es
ou

rce
s f

ro
m 

ou
tsi

de
 

int
ru

de
rs 

D.
3, 

D.
4 a

nd
 D

.5 
ar

e d
on

e t
og

et
he

r 
 Re

vis
e  

• 
Ne

tw
or

ks
 

• 
Ne

tw
or

k d
ev

ice
s 

• 
Co

nn
ec

tio
ns

 (w
ire

d a
nd

 w
ire

les
s) 

Int
ro

du
ce

 co
nc

ep
t o

f F
ire

wa
ll, 

Int
er

ne
t S

er
vic

e P
ro

vid
er

 (I
SP

), 
int

er
ne

t a
dd

re
ss

 

Co
nt

en
t (

Gr
ad

e 8
 / T

er
m

 3)
 

No
te

s/E
xa

m
pl

es
 

D.
6 E

xp
lai

n 
ho

w 
th

e a
da

pt
at

io
n 

of
 te

ch
no

lo
gy

 im
pa

ct
ed

 th
e w

or
ld

 w
e w

or
k a

nd
 liv

e i
n 

 
Do

ne
 in

 re
lat

ion
 to

 C
.1 

an
d C

.2 
an

d C
.3

 
Di

sc
us

s t
he

 so
cia

l a
nd

 gl
ob

al 
im

pa
ct 

of 
ne

tw
or

ks
, in

clu
din

g t
he

ir r
ole

 in
 co

mm
un

ica
tio

n, 
so

cie
ty.

 
Ex

am
pl

e a
ct

ivi
ty

: 
Ho

w 
wo

uld
 ne

tw
or

ks
 co

ntr
ibu

te 
to 

dis
as

ter
 re

sp
on

se
? 

Di
sc

us
s t

he
 us

e o
f n

etw
or

ks
 in

 tr
an

sp
or

tat
ion

 an
d l

og
ist

ics
 fo

r t
ra

ck
ing

 ve
hic

les
, s

hip
me

nts
 an

d i
mp

ro
vin

g e
ffic

ien
cy

. 
Di

sc
us

s h
ow

 ne
tw

or
ks

 ar
e e

mp
loy

ed
 in

 ed
uc

ati
on

 an
d o

nli
ne

 le
ar

nin
g p

lat
for

ms
. 

Le
ar

ne
rs 

mu
st 

un
de

rst
an

d t
he

 ro
le 

of 
ne

tw
or

ks
 an

d h
ow

 th
ey

 
im

pa
ct 

the
 w

or
ld 

we
 liv

e i
n a

nd
 pr

ov
ide

 ex
am

ple
s t

o i
llu

str
ate

 
the

 im
pa

ct.
 

D.
8 I

nt
er

pr
et

 a 
pa

tte
rn

 to
 re

pr
es

en
t o

r c
om

m
un

ica
te

 a 
m

es
sa

ge
 o

r i
m

ag
e. 

D.
8 a

nd
 D

.9 
do

ne
 to

ge
th

er
 

D.
9 C

re
at

e a
 p

at
te

rn
 to

 re
pr

es
en

t o
r c

om
m

un
ica

te
 a 

m
es

sa
ge

 o
r i

m
ag

e. 
D.

8 a
nd

 D
.9 

do
ne

 to
ge

th
er

 
 Ci

ph
er

 - 
a m

eth
od

 of
 hi

din
g w

or
ds

 or
 te

xt 
wi

th 
en

cry
pti

on
 by

 
re

pla
cin

g o
rig

ina
l le

tte
rs 

wi
th 

oth
er

 le
tte

rs,
 nu

mb
er

s a
nd

 
sy

mb
ols

 th
ro

ug
h s

ub
sti

tut
ion

 or
 tr

an
sp

os
itio

n. 
A 

co
mb

ina
tio

n o
f 

su
bs

titu
tio

n a
nd

 tr
an

sp
os

itio
n i

s a
lso

 of
ten

 em
plo

ye
d.

 
It i

s t
he

re
for

e a
ny

 m
eth

od
 of

 tr
an

sfo
rm

ing
 a 

me
ss

ag
e t

o 
co

nc
ea

l it
s m

ea
nin

g.
 

En
cr

yp
tio

n 
is 

to 
co

nv
er

t in
for

ma
tio

n o
r d

ata
 in

to 
se

cre
t c

od
e 

De
cr

yp
tio

n 
is 

to 
co

nv
er

t a
 se

cre
t (

en
cr

yp
te

d)
 m

es
sa

ge
 to

 an
 

un
de

rst
an

da
ble

 (d
ec

ry
pt

ed
) m

es
sa

ge
  

 

Ex
am

pl
e a

ct
ivi

ty
 – 

de
cr

yp
t a

nd
 en

cr
yp

t a
 m

es
sa

ge
 u

sin
g 

a c
ip

he
r 

A 
Ca

es
ar

 ci
ph

er
 (n

am
ed

 af
ter

 th
e R

om
an

 E
mp

er
or

 Ju
liu

s C
ae

sa
r) 

is 
a s

im
ple

 en
cr

yp
tio

n 
me

tho
d i

n w
hic

h e
ac

h l
ett

er
 in

 a 
wo

rd
 is

 re
pla

ce
d b

y a
no

the
r le

tte
r in

 th
e 

alp
ha

be
t, d

ep
en

din
g o

n t
he

 ‘s
hif

t’ k
ey

.  
Th

e a
lph

ab
et 

ca
n b

e s
hif

ted
 up

 to
 25

 pl
ac

es
 bu

t s
hif

tin
g i

t 2
6 p

lac
es

 ta
ke

s i
t b

ac
k t

o i
ts 

or
igi

na
l p

os
itio

n a
nd

 sh
ifti

ng
 it 

27
 pl

ac
es

 is
 th

e s
am

e a
s s

hif
tin

g i
t 1

 pl
ac

e. 
Fo

r e
xa

mp
le,

 if 
the

 ‘s
hif

t’ k
ey

 is
 7,

 th
e l

ett
er

 A
 w

ill 
be

 re
pla

ce
d b

y t
he

 le
tte

r H
 (a

s s
hif

tin
g 7

 po
sit

ion
s f

ro
m 

po
sit

ion
 1 

tak
es

 on
e t

o t
he

 8t
h l

ett
er

 in
 th

e a
lph

ab
et 

(H
) –

 
H 

the
re

for
e b

ec
om

es
 th

e 1
st 

let
ter

 of
 th

e ‘
ne

w’
 (s

hif
ted

) a
lph

ab
et 

as
 sh

ow
n b

elo
w:

 

 
Th

er
efo

re
, th

e e
nc

ryp
tio

n f
or

 th
e w

or
d ‘

HE
LL

O’
, w

ill 
be

co
me

 ‘O
LS

SV
’.  

Do
 th

e f
oll

ow
ing

: 
i) 

Us
e t

he
 ab

ov
e i

nfo
rm

ati
on

 to
 en

cry
pt 

the
 fo

llo
wi

ng
 m

es
sa

ge
: E

IG
HT

 N
OO

N 
AT

 C
AG

E 
ii) 

De
cr

yp
t–

 th
e o

pp
os

ite
 of

 en
cr

yp
t (

i.e
. c

ra
ck

 th
e s

ec
re

t m
es

sa
ge

) t
he

 fo
llo

wi
ng

 se
cre

t m
es

sa
ge

 W
HZ

ZD
VY

K 
PZ

 JL
HZ

HY
 

iii)
 

Us
e y

ou
r o

wn
 ke

y t
o e

nc
ryp

t th
e f

oll
ow

ing
 m

es
sa

ge
: 

iv)
 

Gi
ve

 yo
ur

 en
cry

pte
d m

es
sa

ge
 w

ith
 th

e k
ey

 to
 a 

frie
nd

 an
d a

sk
 yo

ur
 fr

ien
d t

o d
ec

ryp
t th

e m
es

sa
ge

.  
D.

10
 D

em
on

st
ra

te
 a 

ba
sic

 p
ro

fic
ien

cy
 in

 th
e a

pp
lic

at
io

n 
of

 d
ig

ita
l s

kil
ls.

  
Li

nk
 to

 R
.5 

Le
ar

ne
rs 

ex
plo

re
 pr

es
en

tat
ion

 so
ftw

ar
e, 

e.g
. P

ow
er

Po
int

 to
 be

 u
se

d f
or

 re
po

rtin
g b

ac
k a

fte
r p

air
 or

 gr
ou

p a
cti

vit
ies

 or
 to

 pr
es

en
t c

od
ing

 so
lut

ion
s, 

ro
bo

tic
s 

pr
oje

cts
, e

tc.
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Co
nt

en
t (

Gr
ad

e 8
 / T

er
m

 3)
 

No
te

s/E
xa

m
pl

es
 

Co
nt

en
t: 

De
fin

iti
on

 an
d 

Fu
nc

tio
ns

: 
Mi

cr
oc

on
tro

lle
r 

• 
A 

mi
cro

co
ntr

oll
er

 is
 a 

sm
all

, in
teg

ra
ted

 co
mp

ute
r t

ha
t is

 de
sig

ne
d f

or
 sp

ec
ific

 ta
sk

s, 
ap

pli
ca

tio
ns

 or
 em

be
dd

ed
 sy

ste
ms

.  
• 

It i
nc

lud
es

 a 
re

lat
ive

ly 
sim

ple
 C

PU
 (C

en
tra

l P
ro

ce
ss

ing
 U

nit
), 

co
mb

ine
d w

ith
 pe

rip
he

ra
l d

ev
ice

s s
uc

h a
s m

em
or

y, 
inp

ut/
ou

tpu
t 

po
rts

, a
nd

 tim
er

s o
n a

 si
ng

le 
ch

ip.
 

Mi
cr

op
ro

ce
ss

or
 

• 
A 

mi
cro

pr
oc

es
so

r is
 a 

ge
ne

ra
l-p

ur
po

se
 co

mp
ute

r c
om

po
ne

nt 
tha

t e
xe

cu
tes

 in
str

uc
tio

ns
 fr

om
 a 

co
mp

ute
r p

ro
gr

am
 an

d a
 

ge
ne

ra
l-p

ur
po

se
 co

mp
uti

ng
 de

vic
e. 

It c
an

 pe
rfo

rm
 va

rio
us

 fu
nc

tio
ns

 de
pe

nd
ing

 on
 th

e p
ro

gr
am

 
• 

Th
e m

icr
op

ro
ce

ss
or

 ch
ip 

do
es

 no
t ty

pic
all

y h
av

e b
uil

t-in
 m

em
or

y o
r in

pu
t/o

utp
ut 

ca
pa

bil
itie

s l
ike

 a 
mi

cro
co

ntr
oll

er
.  

Di
ffe

re
nc

es
: 

1. 
mi

cro
co

ntr
oll

er
s a

re
 de

sig
ne

d f
or

 sp
ec

ific
 ta

sk
s o

r e
mb

ed
de

d s
ys

tem
s, 

wh
ile

 m
icr

op
ro

ce
ss

or
s a

re
 th

e c
en

tra
l p

ro
ce

ss
ing

 
un

its
 (C

PU
s) 

in 
co

mp
ute

rs 
us

ed
 in

 m
ult

i-p
ur

po
se

 co
mp

uti
ng

 de
vic

es
. 

2. 
Cr

ea
te 

a t
ab

le 
on

 th
e b

oa
rd

 or
 a 

sli
de

 (if
 us

ing
 a 

pr
oje

cto
r) 

to 
co

mp
ar

e m
icr

oc
on

tro
lle

rs 
an

d m
icr

op
ro

ce
ss

or
s: 

As
pe

ct
 

Mi
cr

oc
on

tro
lle

r 
Mi

cr
op

ro
ce

ss
or

 (C
PU

) 
Pu

rp
os

e 
Sp

ec
ific

 ta
sk

s o
r f

un
cti

on
s 

Ge
ne

ra
l-p

ur
po

se
 co

mp
uti

ng
 

Inp
ut/

Ou
tpu

t p
or

ts 
Ye

s (
on

 ch
ip)

 
No

 (s
ep

ar
ate

) 
Me

mo
ry 

Inc
lud

ed
 (o

n c
hip

) 
Se

pa
ra

te 
Ex

am
ple

s 
Ar

du
ino

, M
icr

oc
on

tro
lle

r, 
 

Int
el,

 A
MD

 pr
oc

es
so

rs 
Ap

pl
ica

tio
ns

: 
• 

Di
sc

us
s s

om
e c

om
mo

n a
pp

lic
ati

on
s o

f m
icr

oc
on

tro
lle

rs:
 

• 
Mi

cro
co

ntr
oll

er
s a

re
 of

ten
 us

ed
 in

 de
vic

es
 lik

e w
as

hin
g m

ac
hin

es
, m

icr
ow

av
e o

ve
ns

, r
em

ote
 co

ntr
ols

, a
nd

 em
be

dd
ed

 sy
ste

ms
. 

• 
Th

ey
 ar

e e
xc

ell
en

t fo
r t

as
ks

 th
at 

re
qu

ire
 re

al-
tim

e c
on

tro
l a

nd
 lo

w 
po

we
r c

on
su

mp
tio

n. 
• 

Th
e m

icr
oc

on
tro

lle
r i

s a
n e

xa
mp

le 
of 

a m
icr

oc
on

tro
lle

r a
s i

t is
 a 

sm
all

 de
vic

e t
ha

t c
an

 ru
n p

ro
gr

am
s a

nd
 in

ter
ac

t w
ith

 se
ns

or
s, 

bu
tto

ns
, L

ED
s 

an
d o

the
r c

om
po

ne
nts

 
• 

Di
sc

us
s c

om
mo

n a
pp

lic
ati

on
s o

f m
icr

op
ro

ce
ss

or
s: 

• 
Mi

cro
pr

oc
es

so
rs 

po
we

r p
er

so
na

l c
om

pu
ter

s, 
lap

top
s, 

sm
ar

tph
on

es
, a

nd
 se

rve
rs.

 
• 

Th
ey

 ar
e s

uit
ab

le 
for

 ta
sk

s t
ha

t r
eq

uir
e h

igh
 co

mp
uta

tio
na

l p
ow

er
 an

d m
ult

ita
sk

ing
 ca

pa
bil

itie
s. 

• 
Un

de
rst

an
d w

ha
t a

 m
icr

oc
on

tro
lle

r is
 

• 
Pr

ov
ide

 an
 ex

am
ple

 of
 ea

ch
 

• 
Di

ffe
re

nti
ate

 be
tw

ee
n a

 m
icr

oc
on

tro
lle

r a
nd

 a 
mi

cro
pr

oc
es

so
r 

 Ex
am

pl
e:

 
Mi

cro
co

ntr
oll

er
 is

 a 
sm

all
 co

mp
uti

ng
 de

vic
e t

ha
t c

an
 ru

n 
pr

og
ra

ms
 an

d i
nte

ra
ct 

wi
th 

se
ns

or
s, 

bu
tto

ns
, L

ED
s a

nd
 ot

he
r 

co
mp

on
en

ts 
 

 

D.
4 I

de
nt

ify
 th

e c
om

m
on

 u
se

s o
f I

CT
 in

 th
e r

ea
l w

or
ld

  
Li

nk
 to

 D
.5 

an
d 

D.
6 

D.
5. 

Di
ffe

re
nt

iat
e b

et
we

en
 th

e c
om

po
ne

nt
s o

f a
n 

IC
T 

sy
st

em
  

Li
nk

 to
 D

.5 
Int

ro
du

ce
 th

e f
oll

ow
ing

 co
nc

ep
ts 

fire
wa

ll i
n a

 ne
tw

or
k, 

Int
er

ne
t s

er
vic

e p
ro

vid
er

 (I
SP

), 
int

er
ne

t a
dd

re
ss

.  
 Us

e a
 fir

ew
all

 to
 pr

ote
ct 

ne
tw

or
k r

es
ou

rce
s f

ro
m 

ou
tsi

de
 

int
ru

de
rs 

D.
3, 

D.
4 a

nd
 D

.5 
ar

e d
on

e t
og

et
he

r 
 Re

vis
e  

• 
Ne

tw
or

ks
 

• 
Ne

tw
or

k d
ev

ice
s 

• 
Co

nn
ec

tio
ns

 (w
ire

d a
nd

 w
ire

les
s) 

Int
ro

du
ce

 co
nc

ep
t o

f F
ire

wa
ll, 

Int
er

ne
t S

er
vic

e P
ro

vid
er

 (I
SP

), 
int

er
ne

t a
dd

re
ss

 

Co
nt

en
t (

Gr
ad

e 8
 / T

er
m

 3)
 

No
te

s/E
xa

m
pl

es
 

D.
6 E

xp
lai

n 
ho

w 
th

e a
da

pt
at

io
n 

of
 te

ch
no

lo
gy

 im
pa

ct
ed

 th
e w

or
ld

 w
e w

or
k a

nd
 liv

e i
n 

 
Do

ne
 in

 re
lat

ion
 to

 C
.1 

an
d C

.2 
an

d C
.3

 
Di

sc
us

s t
he

 so
cia

l a
nd

 gl
ob

al 
im

pa
ct 

of 
ne

tw
or

ks
, in

clu
din

g t
he

ir r
ole

 in
 co

mm
un

ica
tio

n, 
so

cie
ty.

 
Ex

am
pl

e a
ct

ivi
ty

: 
Ho

w 
wo

uld
 ne

tw
or

ks
 co

ntr
ibu

te 
to 

dis
as

ter
 re

sp
on

se
? 

Di
sc

us
s t

he
 us

e o
f n

etw
or

ks
 in

 tr
an

sp
or

tat
ion

 an
d l

og
ist

ics
 fo

r t
ra

ck
ing

 ve
hic

les
, s

hip
me

nts
 an

d i
mp

ro
vin

g e
ffic

ien
cy

. 
Di

sc
us

s h
ow

 ne
tw

or
ks

 ar
e e

mp
loy

ed
 in

 ed
uc

ati
on

 an
d o

nli
ne

 le
ar

nin
g p

lat
for

ms
. 

Le
ar

ne
rs 

mu
st 

un
de

rst
an

d t
he

 ro
le 

of 
ne

tw
or

ks
 an

d h
ow

 th
ey

 
im

pa
ct 

the
 w

or
ld 

we
 liv

e i
n a

nd
 pr

ov
ide

 ex
am

ple
s t

o i
llu

str
ate

 
the

 im
pa

ct.
 

D.
8 I

nt
er

pr
et

 a 
pa

tte
rn

 to
 re

pr
es

en
t o

r c
om

m
un

ica
te

 a 
m

es
sa

ge
 o

r i
m

ag
e. 

D.
8 a

nd
 D

.9 
do

ne
 to

ge
th

er
 

D.
9 C

re
at

e a
 p

at
te

rn
 to

 re
pr

es
en

t o
r c

om
m

un
ica

te
 a 

m
es

sa
ge

 o
r i

m
ag

e. 
D.

8 a
nd

 D
.9 

do
ne

 to
ge

th
er

 
 Ci

ph
er

 - 
a m

eth
od

 of
 hi

din
g w

or
ds

 or
 te

xt 
wi

th 
en

cry
pti

on
 by

 
re

pla
cin

g o
rig

ina
l le

tte
rs 

wi
th 

oth
er

 le
tte

rs,
 nu

mb
er

s a
nd

 
sy

mb
ols

 th
ro

ug
h s

ub
sti

tut
ion

 or
 tr

an
sp

os
itio

n. 
A 

co
mb

ina
tio

n o
f 

su
bs

titu
tio

n a
nd

 tr
an

sp
os

itio
n i

s a
lso

 of
ten

 em
plo

ye
d.

 
It i

s t
he

re
for

e a
ny

 m
eth

od
 of

 tr
an

sfo
rm

ing
 a 

me
ss

ag
e t

o 
co

nc
ea

l it
s m

ea
nin

g.
 

En
cr

yp
tio

n 
is 

to 
co

nv
er

t in
for

ma
tio

n o
r d

ata
 in

to 
se

cre
t c

od
e 

De
cr

yp
tio

n 
is 

to 
co

nv
er

t a
 se

cre
t (

en
cr

yp
te

d)
 m

es
sa

ge
 to

 an
 

un
de

rst
an

da
ble

 (d
ec

ry
pt

ed
) m

es
sa

ge
  

 

Ex
am

pl
e a

ct
ivi

ty
 – 

de
cr

yp
t a

nd
 en

cr
yp

t a
 m

es
sa

ge
 u

sin
g 

a c
ip

he
r 

A 
Ca

es
ar

 ci
ph

er
 (n

am
ed

 af
ter

 th
e R

om
an

 E
mp

er
or

 Ju
liu

s C
ae

sa
r) 

is 
a s

im
ple

 en
cr

yp
tio

n 
me

tho
d i

n w
hic

h e
ac

h l
ett

er
 in

 a 
wo

rd
 is

 re
pla

ce
d b

y a
no

the
r le

tte
r in

 th
e 

alp
ha

be
t, d

ep
en

din
g o

n t
he

 ‘s
hif

t’ k
ey

.  
Th

e a
lph

ab
et 

ca
n b

e s
hif

ted
 up

 to
 25

 pl
ac

es
 bu

t s
hif

tin
g i

t 2
6 p

lac
es

 ta
ke

s i
t b

ac
k t

o i
ts 

or
igi

na
l p

os
itio

n a
nd

 sh
ifti

ng
 it 

27
 pl

ac
es

 is
 th

e s
am

e a
s s

hif
tin

g i
t 1

 pl
ac

e. 
Fo

r e
xa

mp
le,

 if 
the

 ‘s
hif

t’ k
ey

 is
 7,

 th
e l

ett
er

 A
 w

ill 
be

 re
pla

ce
d b

y t
he

 le
tte

r H
 (a

s s
hif

tin
g 7

 po
sit

ion
s f

ro
m 

po
sit

ion
 1 

tak
es

 on
e t

o t
he

 8t
h l

ett
er

 in
 th

e a
lph

ab
et 

(H
) –

 
H 

the
re

for
e b

ec
om

es
 th

e 1
st 

let
ter

 of
 th

e ‘
ne

w’
 (s

hif
ted

) a
lph

ab
et 

as
 sh

ow
n b

elo
w:

 

 
Th

er
efo

re
, th

e e
nc

ryp
tio

n f
or

 th
e w

or
d ‘

HE
LL

O’
, w

ill 
be

co
me

 ‘O
LS

SV
’.  

Do
 th

e f
oll

ow
ing

: 
i) 

Us
e t

he
 ab

ov
e i

nfo
rm

ati
on

 to
 en

cry
pt 

the
 fo

llo
wi

ng
 m

es
sa

ge
: E

IG
HT

 N
OO

N 
AT

 C
AG

E 
ii) 

De
cr

yp
t–

 th
e o

pp
os

ite
 of

 en
cr

yp
t (

i.e
. c

ra
ck

 th
e s

ec
re

t m
es

sa
ge

) t
he

 fo
llo

wi
ng

 se
cre

t m
es

sa
ge

 W
HZ

ZD
VY

K 
PZ

 JL
HZ

HY
 

iii)
 

Us
e y

ou
r o

wn
 ke

y t
o e

nc
ryp

t th
e f

oll
ow

ing
 m

es
sa

ge
: 

iv)
 

Gi
ve

 yo
ur

 en
cry

pte
d m

es
sa

ge
 w

ith
 th

e k
ey

 to
 a 

frie
nd

 an
d a

sk
 yo

ur
 fr

ien
d t

o d
ec

ryp
t th

e m
es

sa
ge

.  
D.

10
 D

em
on

st
ra

te
 a 

ba
sic

 p
ro

fic
ien

cy
 in

 th
e a

pp
lic

at
io

n 
of

 d
ig

ita
l s

kil
ls.

  
Li

nk
 to

 R
.5 

Le
ar

ne
rs 

ex
plo

re
 pr

es
en

tat
ion

 so
ftw

ar
e, 

e.g
. P

ow
er

Po
int

 to
 be

 u
se

d f
or

 re
po

rtin
g b

ac
k a

fte
r p

air
 or

 gr
ou

p a
cti

vit
ies

 or
 to

 pr
es

en
t c

od
ing

 so
lut

ion
s, 

ro
bo

tic
s 

pr
oje

cts
, e

tc.
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3.
2.

4 
Te

rm
 4

 

Co
nt

en
t (

Gr
ad

e 8
 / T

er
m

 4)
 

No
te

s/E
xa

m
pl

es
 

Co
di

ng
 

 
C.

1 A
pp

ly 
co

m
pu

ta
tio

na
l t

hi
nk

in
g 

(C
T)

 sk
ills

 to
 d

ev
elo

p 
a s

et
 o

f l
og

ica
l in

st
ru

ct
io

ns
 to

 so
lve

 a 
pr

ob
lem

. 
Li

nk
 to

 C
.2 

– C
.7 

an
d 

R.
5 –

 R
.7 

C.
2 P

re
se

nt
 a 

sim
pl

e c
od

in
g 

so
lu

tio
n 

us
in

g 
sy

m
bo

lic
 o

r w
rit

te
n 

st
at

em
en

ts
 re

pr
es

en
tin

g 
se

qu
en

ce
s o

f c
om

m
an

ds
, s

in
gl

e r
ep

et
iti

on
, a

nd
 co

nd
iti

on
al 

co
ns

tru
ct

s. 
LC

.1 
an

d 
C.

2 a
nd

 C
.4 

ar
e d

on
e t

og
et

he
r 

Ex
am

pl
e a

ct
ivi

ty
 – 

Ca
t a

nd
 m

ou
se

 g
am

e 
In 

pa
irs

, u
se

 yo
ur

 co
mp

uta
tio

na
l th

ink
ing

 sk
ills

 to
 de

ve
lop

 yo
ur

 ow
n g

am
e l

ike
 th

e c
at 

an
d m

ou
se

 ga
me

 de
sc

rib
ed

 be
low

:  
Th

e c
at 

is 
ch

as
ing

 th
e m

ou
se

 an
d t

rie
s t

o c
ap

tur
e i

t. I
t in

vo
lve

s c
on

sta
nt 

pu
rsu

it, 
ne

ar
 ca

ptu
re

s, 
an

d r
ep

ea
ted

 es
ca

pe
s. 

Th
e 

"c
at"

 is
 un

ab
le 

to 
se

cu
re

 a 
de

fin
itiv

e 
vic

tor
y o

ve
r t

he
 "m

ou
se

", 
wh

o, 
de

sp
ite

 no
t b

ein
g a

ble
 to

 de
fea

t th
e c

at,
 is

 ab
le 

to 
av

oid
 ca

ptu
re

. 
St

ep
 1:

 C
at

 
St

ep
 2:

 
Us

e C
at 

sp
rite

 an
d a

dd
 co

de
 

for
 C

at 
sp

rite
 to

 co
nti

nu
e 

mo
vin

g u
nti

l th
e m

ou
se

 
po

int
er

 is
 re

ac
he

d 
 

Ad
d a

 tim
e t

o t
he

 C
at 

sp
rite

 

 

St
ep

 3:
 A

dd
 an

ot
he

r s
pr

ite
 

St
ep

 4:
 A

dd
 th

e m
ou

se
 sp

rit
e 

Ma
ke

 an
 em

pty
 sp

rite
 w

ith
 tw

o 
co

stu
me

s: 
on

e b
lan

k (
co

stu
me

 1)
 an

d 
on

e w
ith

 a 
"W

in"
 ba

nn
er

 (c
os

tum
e 2

). 
Ad

d c
od

e f
or

 th
is 

sp
rite

 to
 m

ak
e a

 
va

ria
ble

 tim
er

: 
 

 

Ad
d t

he
 m

ou
se

 sp
rite

 an
d 

co
de

 fo
r t

he
 m

ou
se

 sp
rite

 
 Fo

r t
he

 m
ain

 ca
t s

pr
ite

, 
ch

an
ge

 th
e "

tou
ch

ing
" a

nd
 

"p
oin

t" 
to 

"M
ou

se
" i

ns
tea

d 
of 

"M
ou

se
-P

oin
ter

" 
CA

T 
AN

D 
MO

US
E 

- S
CR

AT
CH

 
W

IK
I (S

CR
AT

CH
-W

IK
I.IN

FO
) 

 

No
te

 
Le

ar
ne

rs 
stu

dy
 th

e c
od

e o
f th

e c
at 

an
d m

ou
se

 ga
me

, u
se

 
co

mp
uta

tio
na

l th
ink

ing
 an

d t
he

ir e
xp

er
ien

ce
 fr

om
 st

ud
yin

g 
the

 co
de

 an
d w

ha
t th

ey
 ha

ve
 le

ar
ne

d s
o f

ar
 in

 te
rm

s o
f 

co
din

g t
o d

ev
elo

p t
he

ir o
wn

, s
im

ila
r g

am
e.

 
 Re

m
em

be
r 

It i
s i

mp
or

tan
t th

at 
lea

rn
er

s p
lan

 a 
pr

og
ra

m.
 If 

co
de

 is
 no

t 
pla

nn
ed

 w
ell

 be
for

e w
riti

ng
 it,

 it 
ca

n l
ea

d t
o d

iffi
cu

ltie
s w

he
n 

the
y n

ee
d c

om
bin

ing
 st

ru
ctu

re
s, 

as
 th

ey
 m

ay
 no

t h
av

e a
 

cle
ar

 ro
ad

ma
p f

or
 ho

w 
dif

fer
en

t s
tru

ctu
re

s s
ho

uld
 w

or
k 

tog
eth

er
. 
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3.
2.

4 
Te

rm
 4

 

Co
nt

en
t (

Gr
ad

e 8
 / T

er
m

 4)
 

No
te

s/E
xa

m
pl

es
 

Co
di

ng
 

 
C.

1 A
pp

ly 
co

m
pu

ta
tio

na
l t

hi
nk

in
g 

(C
T)

 sk
ills

 to
 d

ev
elo

p 
a s

et
 o

f l
og

ica
l in

st
ru

ct
io

ns
 to

 so
lve

 a 
pr

ob
lem

. 
Li

nk
 to

 C
.2 

– C
.7 

an
d 

R.
5 –

 R
.7 

C.
2 P

re
se

nt
 a 

sim
pl

e c
od

in
g 

so
lu

tio
n 

us
in

g 
sy

m
bo

lic
 o

r w
rit

te
n 

st
at

em
en

ts
 re

pr
es

en
tin

g 
se

qu
en

ce
s o

f c
om

m
an

ds
, s

in
gl

e r
ep

et
iti

on
, a

nd
 co

nd
iti

on
al 

co
ns

tru
ct

s. 
LC

.1 
an

d 
C.

2 a
nd

 C
.4 

ar
e d

on
e t

og
et

he
r 

Ex
am

pl
e a

ct
ivi

ty
 – 

Ca
t a

nd
 m

ou
se

 g
am

e 
In 

pa
irs

, u
se

 yo
ur

 co
mp

uta
tio

na
l th

ink
ing

 sk
ills

 to
 de

ve
lop

 yo
ur

 ow
n g

am
e l

ike
 th

e c
at 

an
d m

ou
se

 ga
me

 de
sc

rib
ed

 be
low

:  
Th

e c
at 

is 
ch

as
ing

 th
e m

ou
se

 an
d t

rie
s t

o c
ap

tur
e i

t. I
t in

vo
lve

s c
on

sta
nt 

pu
rsu

it, 
ne

ar
 ca

ptu
re

s, 
an

d r
ep

ea
ted

 es
ca

pe
s. 

Th
e 

"c
at"

 is
 un

ab
le 

to 
se

cu
re

 a 
de

fin
itiv

e 
vic

tor
y o

ve
r t

he
 "m

ou
se

", 
wh

o, 
de

sp
ite

 no
t b

ein
g a

ble
 to

 de
fea

t th
e c

at,
 is

 ab
le 

to 
av

oid
 ca

ptu
re

. 
St

ep
 1:

 C
at

 
St

ep
 2:

 
Us

e C
at 

sp
rite

 an
d a

dd
 co

de
 

for
 C

at 
sp

rite
 to

 co
nti

nu
e 

mo
vin

g u
nti

l th
e m

ou
se

 
po

int
er

 is
 re

ac
he

d 
 

Ad
d a

 tim
e t

o t
he

 C
at 

sp
rite

 

 

St
ep

 3:
 A

dd
 an

ot
he

r s
pr

ite
 

St
ep

 4:
 A

dd
 th

e m
ou

se
 sp

rit
e 

Ma
ke

 an
 em

pty
 sp

rite
 w

ith
 tw

o 
co

stu
me

s: 
on

e b
lan

k (
co

stu
me

 1)
 an

d 
on

e w
ith

 a 
"W

in"
 ba

nn
er

 (c
os

tum
e 2

). 
Ad

d c
od

e f
or

 th
is 

sp
rite

 to
 m

ak
e a

 
va

ria
ble

 tim
er

: 
 

 

Ad
d t

he
 m

ou
se

 sp
rite

 an
d 

co
de

 fo
r t

he
 m

ou
se

 sp
rite

 
 Fo

r t
he

 m
ain

 ca
t s

pr
ite

, 
ch

an
ge

 th
e "

tou
ch

ing
" a

nd
 

"p
oin

t" 
to 

"M
ou

se
" i

ns
tea

d 
of 

"M
ou

se
-P

oin
ter

" 
CA

T 
AN

D 
MO

US
E 

- S
CR

AT
CH

 
W

IK
I (S

CR
AT

CH
-W

IK
I.IN

FO
) 

 

No
te

 
Le

ar
ne

rs 
stu

dy
 th

e c
od

e o
f th

e c
at 

an
d m

ou
se

 ga
me

, u
se

 
co

mp
uta

tio
na

l th
ink

ing
 an

d t
he

ir e
xp

er
ien

ce
 fr

om
 st

ud
yin

g 
the

 co
de

 an
d w

ha
t th

ey
 ha

ve
 le

ar
ne

d s
o f

ar
 in

 te
rm

s o
f 

co
din

g t
o d

ev
elo

p t
he

ir o
wn

, s
im

ila
r g

am
e.

 
 Re

m
em

be
r 

It i
s i

mp
or

tan
t th

at 
lea

rn
er

s p
lan

 a 
pr

og
ra

m.
 If 

co
de

 is
 no

t 
pla

nn
ed

 w
ell

 be
for

e w
riti

ng
 it,

 it 
ca

n l
ea

d t
o d

iffi
cu

ltie
s w

he
n 

the
y n

ee
d c

om
bin

ing
 st

ru
ctu

re
s, 

as
 th

ey
 m

ay
 no

t h
av

e a
 

cle
ar

 ro
ad

ma
p f

or
 ho

w 
dif

fer
en

t s
tru

ctu
re

s s
ho

uld
 w

or
k 

tog
eth

er
. 

Co
nt

en
t (

Gr
ad

e 8
 / T

er
m

 4)
 

No
te

s/E
xa

m
pl

es
 

C.
3 I

nt
er

pr
et

 an
d 

ex
ec

ut
e a

 g
ive

n 
sy

m
bo

lic
 o

r w
rit

te
n 

se
t o

f c
om

m
an

ds
 

 
Ex

am
pl

e a
ct

ivi
ty

 1 
– C

od
e a

 w
rit

te
n 

se
t o

f c
om

m
an

ds
 fo

r a
 n

um
be

r g
ue

ss
in

g 
ga

m
e 

W
ite

 co
de

 to
 im

ple
me

nt 
the

 fo
llo

wi
ng

 ga
me

: 
Yo

u t
hin

k o
f a

 nu
mb

er
 fr

om
 1 

to 
20

. Y
ou

r c
las

sm
ate

 m
us

t g
ue

ss
 w

hic
h n

um
be

r y
ou

 ar
e t

hin
kin

g o
f a

nd
 te

ll y
ou

. Y
ou

 m
ay

 on
ly 

re
sp

on
d w

ith
 ‘lo

we
r’ (

if y
ou

r c
las

sm
ate

 
mu

st 
gu

es
s a

 lo
we

r n
um

be
r) 

or
 ‘h

igh
er

’ (i
f y

ou
r c

las
sm

ate
 m

us
t g

ue
ss

 a 
hig

he
r n

um
be

r).
  

Yo
ur

 cl
as

sm
ate

 ha
s o

nly
 fiv

e g
ue

ss
es

 to
 gu

es
s t

he
 rig

ht 
nu

mb
er

. 
Yo

ur
 cl

as
sm

ate
 ke

ep
s g

ue
ss

ing
 an

d y
ou

 ke
ep

 re
sp

on
din

g u
nti

l th
e n

um
be

r g
ue

ss
ed

 is
 co

rre
ct 

or
 un

til 
the

 fiv
e g

ue
ss

es
 ha

ve
 be

en
 us

ed
 up

. 
 W

rite
 a 

co
mp

ute
r p

ro
gr

am
 to

 si
mu

lat
e t

he
 ab

ov
e g

am
e u

sin
g t

he
 al

go
rith

m 
be

low
: 

• 
Ge

ne
ra

te 
a r

an
do

m 
nu

mb
er

 be
tw

ee
n 1

 an
d 2

0.
 

• 
As

k t
he

 us
er

 to
 gu

es
s a

nd
 en

ter
 th

e n
um

be
r ‘y

ou
 ar

e t
hin

kin
g o

f’ (
the

 ra
nd

om
ly 

ge
ne

ra
ted

 nu
mb

er
). 

• 
Te

st 
if t

he
 nu

mb
er

 th
e u

se
r e

nte
re

d i
s s

ma
lle

r o
r la

rg
er

 th
an

 th
e r

an
do

m 
nu

mb
er

 or
 eq

ua
l to

 th
e r

an
do

m 
nu

mb
er

. 
• 

If t
he

 us
er

 gu
es

se
d t

oo
 hi

gh
, te

ll t
he

 us
er

 th
at 

the
 ne

xt 
gu

es
s m

us
t b

e l
ow

er
. 

• 
If t

he
 us

er
 gu

es
se

d t
oo

 lo
w,

 te
ll t

he
 us

er
 th

at 
the

 ne
xt 

gu
es

s m
us

t b
e h

igh
er

. 
• 

If t
he

 us
er

 gu
es

se
d t

he
 co

rre
ct 

nu
mb

er
, c

on
gr

atu
lat

e t
he

 us
er

 fo
r g

ue
ss

ing
 th

e c
or

re
ct 

nu
mb

er
. 

• 
Th

e p
ro

gr
am

 m
us

t e
xe

cu
te 

un
til 

the
 us

er
 gu

es
se

s t
he

 co
rre

ct 
nu

mb
er

 or
 un

til 
the

 us
er

 ha
d f

ive
 gu

es
se

s. 
• 

If t
he

 us
er

 gu
es

se
d t

he
 nu

mb
er

 co
rre

ctl
y, 

dis
pla

y t
he

 nu
mb

er
 of

 at
tem

pts
 th

at 
the

 us
er

 tr
ied

 to
 gu

es
s t

he
 nu

mb
er

.  
• 

If t
he

 us
er

 di
dn

’t g
ue

ss
 th

e n
um

be
r c

or
re

ctl
y, 

dis
pla

y t
he

 nu
mb

er
 th

at 
the

 us
er

 ha
d t

o g
ue

ss
. 

 

C.
4 D

eb
ug

 a 
gi

ve
n 

sy
m

bo
lic

 o
r w

rit
te

n 
se

t o
f i

ns
tru

ct
io

ns
 

Li
nk

 to
 C

.1,
 C

.2 
Do

ne
 w

ith
 C

.1 
an

d C
.2

 
 

C.
5 E

va
lu

at
e a

 g
ive

n 
so

lu
tio

n 
to

wa
rd

s p
ot

en
tia

l im
pr

ov
em

en
t 

 
Ex

am
pl

e a
ct

ivi
ty

 – 
Ev

alu
at

e a
nd

 im
pr

ov
e c

od
e 

St
ud

y t
he

 fo
llo

wi
ng

 pr
ob

lem
 st

ate
me

nt,
 th

en
 re

ar
ra

ng
e t

he
 co

de
 pr

ov
ide

d t
o c

re
ate

 a 
wo

rki
ng

 
pr

og
ra

m 
for

 th
e p

ro
ble

m 
sta

tem
en

t: 
Pr

ob
lem

 st
at

em
en

t: 
  

Th
e S

cra
tch

 pr
og

ra
m 

ne
ed

s t
o d

ete
rm

ine
 w

ho
 th

e t
all

es
t le

ar
ne

r in
 a 

cla
ss

 of
 an

 un
kn

ow
n 

nu
mb

er
 of

 le
ar

ne
rs 

is.
 E

ac
h l

ea
rn

er
 is

 re
pr

es
en

ted
 by

 a 
nu

mb
er

, e
.g.

, th
e f

irs
t le

ar
ne

r is
 1 

an
d 

the
 la

st 
lea

rn
er

 in
 th

e c
las

s i
s n

, w
he

re
 n

 re
pr

es
en

ts 
the

 si
ze

 of
 th

e c
las

s. 
Th

e c
od

e s
up

pli
ed

 is
 

inc
or

re
ct.

 T
he

re
 ar

e s
om

e l
og

ica
l e

rro
rs 

in 
the

 co
de

 an
d n

ot 
all

 bl
oc

ks
 ar

e u
se

d t
o o

bta
in 

the
 

co
rre

ct 
re

su
lt. 

 
Th

e f
oll

ow
ing

 re
pr

es
en

ts 
a h

igh
-le

ve
l a

lgo
rith

m 
for

 th
e p

ro
ble

m 
(yo

u n
ee

d t
o r

efi
ne

 th
e 

alg
or

ith
m 

an
d i

mp
lem

en
t th

e a
lgo

rith
m 

in 
Sc

ra
tch

) 
• 

A 
ra

nd
om

 n
um

be
r b

etw
ee

n 
10

0 
an

d 
20

0 
(cm

) m
us

t b
e 

ge
ne

ra
ted

 e
ac

h 
tim

e 
to

 
re

pr
es

en
t th

e h
eig

ht 
of 

the
 n 

lea
rn

er
s. 

• 
Fo

r e
ac

h 
lea

rn
er

’s 
he

igh
t g

en
er

ate
d, 

ch
ec

k 
if 

the
 le

ar
ne

r i
s 

tal
ler

 th
an

 th
e 

pr
ev

iou
s 

lea
rn

er
.  

• 
If t

he
 le

ar
ne

r is
 ta

lle
r t

ha
n t

he
 pr

ev
iou

s l
ea

rn
er

, th
en

  
o 

Th
e v

ar
iab

le 
sto

rin
g t

he
 ta

lle
st 

lea
rn

er
’s 

he
igh

t w
ill 

ch
an

ge
. 

o 
A 

me
ss

ag
e w

ill 
be

 di
sp

lay
ed

: L
ea

rn
er

 no
? i

s n
ow

 th
e t

all
es

t”.
  

• 
W

he
n t

he
 he

igh
t o

f a
ll l

ea
rn

er
s w

as
 ch

ec
ke

d, 
dis

pla
y a

 m
es

sa
ge

:” 
Le

ar
ne

r n
o?

 is
 th

e 
tal

les
t le

ar
ne

r in
 cl

as
s” 

Yo
u 

wa
nt

 to
 in

te
rle

av
e p

ra
ct

ise
 in

 p
ro

bl
em

s. 
“It

 is
 im

po
rta

nt
 th

at
 p

ro
ble

m 
typ

es
 m

us
t d

iffe
r, 

fo
r e

xa
mp

le,
 

yo
u 

wa
nt

 to
 ra

nd
om

ly 
ha

ve
 a

 p
ro

ble
m

 o
f o

ne
 ty

pe
 a

nd
 th

en
 

so
lve

 a
 p

ro
ble

m 
of

 a
no

th
er

 ty
pe

 a
nd

 th
en

 a
 p

ro
ble

m 
of

 
an

ot
he

r t
yp

e.
 A

nd
 in

 d
oin

g 
th

at
, it

 fe
els

 d
iffi

cu
lt, 

an
d 

it d
oe

sn
’t 

fe
el 

flu
en

t. 
An

d 
th

e 
sig

na
ls 

to
 yo

ur
 b

ra
in 

ar
e,

 I 
am

 n
ot

 g
et

tin
g 

th
is.

 I 
am

 n
ot

 d
oin

g 
ve

ry
 w

ell
. B

ut
 in

 fa
ct,

 th
at

 e
ffo

rt 
to

 tr
y t

o 
fig

ur
e 

ou
t w

ha
t k

ind
s o

f a
pp

ro
ac

he
s d

o 
I n

ee
d 

fo
r e

ac
h 

pr
ob

lem
 a

s I
 e

nc
ou

nt
er

 a
 d

iffe
re

nt
 ki

nd
 o

f p
ro

ble
m,

 th
at

 is
 

pr
od

uc
ing

 le
ar

nin
g.

 T
ha

t is
 p

ro
du

cin
g 

ro
bu

st 
sk

ills
 th

at
 st

ick
 

wi
th

 yo
u.

” 
Dr

 M
ar

k A
. M

cD
an

iel
, H

ar
va

rd
 U

ni
ve

rs
ity

 

10
1 C

om
pu

tin
g Q

uiz
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Co
nt

en
t (

Gr
ad

e 8
 / T

er
m

 4)
 

No
te

s/E
xa

m
pl

es
 

C.
6 R

ec
og

ni
se

 an
d 

in
te

rp
re

t p
at

te
rn

s i
n 

sy
m

bo
lic

 se
ts

 o
f d

at
a o

r v
isu

ali
sa

tio
ns

. 
Li

nk
 to

 C
.1 

– C
.5 

an
d 

C.
6 a

nd
 R

.6 
Ex

am
pl

e a
ct

ivi
ty

 
St

ud
y t

he
 flo

wc
ha

rt 
on

 th
e r

igh
t a

nd
 an

sw
er

 th
e q

ue
sti

on
s t

ha
t fo

llo
w:

  
a. 

W
ha

t w
ill 

be
 di

sp
lay

ed
? 

b. 
Ex

pla
in 

in 
yo

ur
 ow

n w
or

ds
 w

ha
t th

e p
ur

po
se

 of
 th

e a
lgo

rith
m 

is.
 

c. 
Ho

w 
ma

ny
 tim

es
 is

 th
e i

ns
tru

cti
on

  
Nu

m
be

r 
 N

um
be

r +
1 

 ex
ec

ute
d?

 
d. 

If t
he

 in
str

uc
tio

n  
Nu

m
be

r 
 0 

 
is 

ch
an

ge
d t

o 
Nu

m
be

r 
- 1

 
a. 

wh
at 

wi
ll t

he
n b

e d
isp

lay
ed

? 
b. 

ho
w 

ma
ny

 tim
es

 w
ill 

the
 lo

op
 th

en
 be

 ex
ec

ute
d?

 

 

C.
7 C

re
at

e o
r c

om
pl

et
e a

 p
at

te
rn

 to
 re

pr
es

en
t a

 d
at

a s
et

 
Li

nk
 to

 C
.1 

– C
.6 

an
d 

R.
6 

Ro
bo

tic
s 

 
R.

1 E
xp

lai
n 

wh
at

 a 
ro

bo
t i

s i
n 

sim
pl

e t
er

m
s. 

Li
nk

 to
 R

.2 
 

R.
2 I

de
nt

ify
 d

iff
er

en
t t

yp
es

 o
f r

ob
ot

s. 
Li

nk
 to

 R
.1 

 
R.

3 O
ut

lin
e t

he
 d

iff
er

en
t c

om
po

ne
nt

s o
f a

 ro
bo

t 
 

R.
5 D

es
ig

n 
a s

im
pl

e a
rte

fa
ct

 b
as

ed
 o

n 
a s

et
 o

f d
es

ig
n 

in
st

ru
ct

io
ns

 
 

R.
6 M

im
ic 

th
e o

pe
ra

tio
ns

 o
f a

 ro
bo

t 
Lin

k t
o C

.7,
 R

.5 
an

d R
.7

 
R.

7 C
re

at
e, 

te
st

 an
d 

ex
ec

ut
e a

 se
t o

f r
ob

ot
ic 

in
st

ru
ct

io
ns

  
Li

nk
 to

 R
.5 

an
d 

R.
6 

Ex
am

pl
e p

ro
jec

t –
 o

bs
ta

cle
 av

oi
da

nc
e r

ob
ot

 
Le

ar
ne

rs 
inv

es
tig

ate
 an

d d
es

cri
be

 th
e t

yp
ica

l c
om

po
sit

ion
 of

 an
 ob

sta
cle

 av
oid

an
ce

 ro
bo

t u
sin
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 p
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e c
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e p
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e d
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e p
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e f
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 m
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i p

ro
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e c
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r p
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t c
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 d
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 d
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e p
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o p
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r t
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e b
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s p
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n d
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r r
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r c
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l c
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r b
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r b
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r b
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t o
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 m
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7-

se
gm

en
t d

isp
lay

 is
 a 

dig
ita

l n
um

er
ic 

dis
pla

y c
on
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tin

g o
f s

ev
en

 LE
D 

se
gm

en
ts 

ar
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ng
ed
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 a 
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ec

ific
 pa

tte
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en
t 
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 0 
to 

9. 
It c

an
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sp
lay

 nu
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ric
al 

va
lue

s a
nd
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ite

d c
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ra
cte

rs.
 

Th
e p
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ar

y p
ur
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se
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 a 

7-
se

gm
en

t 
dis

pla
y i

s t
o s
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w 

nu
me

ric
 da

ta 
in 

a 
sim

ple
 an

d c
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pa
ct 

for
ma

t. I
t's

 w
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ly 
us

ed
 in
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rio

us
 ap

pli
ca

tio
ns

 w
he

re
 

nu
me

ric
al 

inf
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ma
tio

n n
ee

ds
 to

 be
 

co
nv

ey
ed

, s
uc

h a
s d

igi
tal

 cl
oc

ks
, 

the
rm

om
ete

rs,
 or

 co
un

tdo
wn

 tim
er

s. 

In 
a d

igi
tal

 th
er

mo
me

ter
 pr

oje
ct,

 a 
7-

se
gm

en
t 

dis
pla

y c
an

 be
 ut

iliz
ed

 to
 ex

hib
it t

he
 cu

rre
nt 

tem
pe

ra
tur

e i
n a

 di
git

al 
for

ma
t. T

he
 in

div
idu

al 
se

gm
en

ts 
ca

n b
e l

it u
p t

o r
ep

re
se

nt 
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 di
git

s o
f th

e 
tem

pe
ra

tur
e v

alu
e, 

pr
ov

idi
ng

 a 
us

er
-fr

ien
dly

 an
d 

ea
sil

y r
ea

da
ble

 ou
tpu

t 

8 x
 8 

LE
D 

dis
pla
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Or

  
4 I

n 1
 (8

x8
(D
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lay

 
 

 

An
 8x

8 L
ED

 do
t m

atr
ix 

dis
pla

y i
s a

n a
rra

y o
f 

64
 in

div
idu

all
y c

on
tro

lla
ble

 LE
D 

lig
hts

 
ar

ra
ng

ed
 in

 an
 8x

8 g
rid

. E
ac

h L
ED

 ca
n b

e 
ind

ep
en

de
ntl

y t
ur

ne
d o

n o
r o

ff, 
all

ow
ing

 fo
r 

the
 di

sp
lay

 of
 te

xt,
 nu

mb
er

s, 
sy

mb
ols

, o
r 

an
im

ati
on

s. 
  A 

4 i
n 1

, 8
x8

 LE
D 

dis
pla

y m
od

ule
 co

mb
ine

s 
fou

r 8
x8

 LE
D 

do
t m

atr
ix 

dis
pla

ys
 in

to 
a 

sin
gle

 un
it, 

re
su

ltin
g i

n a
 la

rg
er

 di
sp

lay
 ar

ea
. 

Ea
ch

 of
 th

e f
ou

r d
isp

lay
s c

an
 be

 co
ntr

oll
ed

 
ind

ivi
du

all
y o

r t
og

eth
er

 to
 cr

ea
te 

lar
ge

r a
nd

 
mo

re
 de

tai
led

 vi
su

al 
ou

tpu
ts.

 

Th
e p

ur
po

se
 of

 an
 8x

8 L
ED

 do
t m

atr
ix 

dis
pla

y i
s t

o p
ro

vid
e a

 vi
su

all
y v

er
sa

tile
 

ou
tpu

t fo
r in

for
ma

tio
n o

r g
ra

ph
ics

. It
's 

co
mm

on
ly 

us
ed

 fo
r d

isp
lay

ing
 te

xt 
me

ss
ag

es
, s

im
ple

 gr
ap

hic
s, 

or
 sc

ro
llin

g 
me

ss
ag

es
 in

 va
rio

us
 el

ec
tro

nic
 

pr
oje

cts
. 

 Th
e p

ur
po

se
 of

 a 
4 i

n 1
, 8

x8
 LE

D 
dis

pla
y m

od
ule

 is
 to

 pr
ov

ide
 a 

mo
re

 
ex

ten
siv

e a
nd

 ve
rsa

tile
 LE

D 
dis

pla
y 

ca
pa

bil
ity
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mp

ar
ed
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 a 
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gle
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8 

dis
pla

y. 
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 co
mm

on
ly 

us
ed
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 pr

oje
cts
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e a
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er
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 m
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e i
mp

ac
tfu

l v
isu

al 
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pla
y i

s r
eq

uir
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, s
uc

h a
s f

or
 sc

ro
llin

g 
me

ss
ag

es
, a

nim
ati

on
s, 
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 la

rg
er
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xt.

 

In 
a d
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k p
ro

jec
t, a

n 8
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D 
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t m
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ix 

dis
pla

y c
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plo
ye

d t
o s

ho
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e t
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 tim

e i
n a
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ua
lly
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pe
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ng

 m
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ne
r. 

By
 lig
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ng

 sp
ec
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Ds
 

to 
for

m 
nu

mb
er

s a
nd

 co
lon

s, 
the

 di
sp

lay
 ca

n 
co

nti
nu

ou
sly

 up
da

te 
to 

sh
ow

 th
e c

ur
re

nt 
tim

e, 
giv

ing
 

a d
ist

inc
tiv

e a
nd

 dy
na

mi
c a

pp
ea

ra
nc

e. 
 In 

a d
igi

tal
 sc

or
eb

oa
rd

 pr
oje

ct 
for

 a 
sp

or
ts 

ev
en

t th
e 

dis
pla

y m
od

ule
 ca

n b
e e

mp
loy

ed
 to

 sh
ow

 sc
or

es
 

an
d t

im
ing

 in
for

ma
tio

n. 
Th

e l
ar

ge
r d

isp
lay

 ar
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all

ow
s f

or
 cl

ea
r v
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bil
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 of
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or

es
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 a 

dis
tan

ce
, 

an
d i

t c
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 be
 us

ed
 to
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en
t a

nim
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on
s o

r 
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m 
log

os
. 

16
x2
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D 

Di
sp

lay
 (w
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2 
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du
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A 
16

x2
 LC

D 
(L
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id 

Cr
ys

tal
 D
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lay

) is
 a 

ch
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ac
ter

-b
as

ed
 al

ph
an

um
er

ic 
dis

pla
y t
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t 
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s o

f 1
6 c

olu
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ro
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s. 
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 ca
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 di

sp
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ing
 te

xt 
an

d l
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ite
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l s
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ls.
 

Th
e p
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D 
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ing
 in
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ly 
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, d
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an
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ctr
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ic 
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oje
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n. 
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a w

ea
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r s
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 pr

oje
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 a 
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x2
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D 
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pla
y c

an
 

be
 us

ed
 to
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al-
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e w

ea
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r d
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 as
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pe

ra
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e, 
hu
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an

d a
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os
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er
ic 

pr
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Th

e d
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lay
 ca
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se
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s i

nfo
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an
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s t
o e
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rre
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we
ath
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Ne
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le 

RG
B 
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lue
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t c

an
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 ra

ng
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f c
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d c
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ur
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 vi
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dis
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 in
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s p
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Ne
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ixe
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trip
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 em

plo
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d f
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 ae
sth
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c 

pu
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ng
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ing
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e v
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pe

al 
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a r
ob

ot.
 T

he
y c

an
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Th

e l
ea
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er
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d t
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n d
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 re
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f d
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R.

6 M
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e o
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7 C
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d 
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ut
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f r
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Ex
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Le
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d d
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l 
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itio

n o
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e p
rin
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e l
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nd
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ts 
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t (

LF
R)
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nt

en
t (
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s/E
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m
pl
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W

he
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• 
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r s
up
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ntr
oll
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Mo

tor
s a

nd
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oa
rd

 an
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pe

r w
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s f
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ing

 
• 
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 Th
e l

ea
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er
s s

ho
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e t
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al 

pr
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e c
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l C
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ut

lin
e t
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t o
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ol
og
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 p
ur
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f i
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m
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n 
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D.
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3, 

D.
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5 d
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og
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r 

D.
2 R
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r s
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g 
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tiz
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n 

a d
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l w
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8, 
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9 d
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he
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oT

. 
Ph
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in

g 
is 

a f
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ud
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pt 
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su
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 as
 us
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 d
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cio
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t e

nc
ryp

ts 
a u

se
r's

 fil
es

 or
 sy

ste
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d d

em
an
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Le
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io 
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ke
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e d
ev
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e c

ity
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at 
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us

t s
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e i
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loc

k t
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es
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av

e t
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ow
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11
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00
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 01

10
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01
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11
00

 00
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10

 01
10

01
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00
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 01
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 01
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00
 01
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t m
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sc
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• 
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sc

rib
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an
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ar
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3 D

em
on

st
ra

te
 an

 u
nd

er
st

an
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ng
 o

f t
he

 co
nc

ep
t o
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m
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tin
g 

de
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e.
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 D
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do
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th
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se
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tu
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T 

in 
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ar
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om
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uto
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tio
n 

Sm
ar

t h
om

e a
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ma
tio

n i
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olv
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ec
tin

g h
ou

se
ho

ld 
de

vic
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 an
d s
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s t
o t

he
 in

ter
ne

t, a
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wi
ng

 ho
me

ow
ne

rs 
to 

co
ntr

ol 
the

m 
re
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tel

y t
hr

ou
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 sm
ar

tph
on

es
, 
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let

s, 
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 co
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an
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. T
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an
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s c
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ns
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 T
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y l
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 a 

su
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an
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 an
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an
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 m
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e t
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ir l
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e e
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nd
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ch
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-b
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ir p
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en
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s a
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er
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rd

ing
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y c
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nt

ro
l th

e t
he
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re
mo

tel
y, 

en
su

rin
g t

he
ir h

om
e i

s c
om

for
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n c
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r s
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n o
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s c
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d d
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s d
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 re
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e f
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n d
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o c
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s d
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e c
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d c
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n c
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ad
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d l
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e b
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 pr
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, d
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e f
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 m
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 C
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r d
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t d
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e c
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o d
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n b
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o c
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t o
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s t
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r s
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n o
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ity

 w
he

n t
he

y'r
e a

wa
y. 

 

 

Sc
ho

ols
 sh

ou
ld 

alw
ay

s c
on

sid
er

 th
e 

aff
or

da
bil

ity
 of

 co
mp

on
en

ts 
an

d k
its

.  

Co
nt

en
t (

Gr
ad

e 9
 / T

er
m

 3)
 

No
te

s/E
xa

m
pl

es
 

Sm
ar

t S
ec

ur
ity

 S
ys

te
m

: T
he

 Jo
hn

so
ns

 se
t u

p a
 sm

ar
t s

ec
ur

ity
 sy

ste
m 

tha
t in

clu
de

s c
am

er
as

, m
oti

on
 se

ns
or

s, 
an

d d
oo

r/w
ind

ow
 se

ns
or

s. 
Th

ey
 re

ce
ive

 re
al-

tim
e 

ale
rts

 on
 th

eir
 de

vic
es

 if 
an

y s
us

pic
iou

s a
cti

vit
y i

s d
ete

cte
d, 

all
ow

ing
 th

em
 to

 ta
ke

 im
me

dia
te 

ac
tio

n.
 

Sm
ar

t A
pp

lia
nc

es
: T

he
 fa

mi
ly 

up
gr

ad
es

 to
 sm

ar
t a

pp
lia

nc
es

 lik
e a

 re
frig

er
ato

r w
ith

 a 
bu

ilt-
in 

ca
me

ra
. T

his
 al

low
s t

he
m 

to 
se

e t
he

 co
nte

nts
 of

 th
e f

rid
ge

 w
hil

e 
gr

oc
er

y s
ho

pp
ing

 an
d r

ec
eiv

e e
xp

ira
tio

n d
ate

 no
tifi

ca
tio

ns
. 

Vo
ice

 A
ss

ist
an

ts
: T

he
 Jo

hn
so

ns
 us

e v
oic

e a
ss

ist
an

ts 
lik

e A
ma

zo
n E

ch
o o

r G
oo

gle
 H

om
e t

o c
on

tro
l v

ar
iou

s d
ev

ice
s u

sin
g v

oic
e c

om
ma

nd
s. 

Th
ey

 ca
n 

as
k a

bo
ut 

the
 w

ea
the

r, 
se

t r
em

ind
er

s, 
an

d c
on

tro
l o

the
r I

oT
 de

vic
es

. 
Be

ne
fit

s:
 

Co
nv

en
ien

ce
: T

he
 Jo

hn
so

ns
 ca

n c
on

tro
l th

eir
 ho

me
 en

vir
on

me
nt 

re
mo

tel
y, 

ad
jus

tin
g s

ett
ing

s e
ve

n w
he

n t
he

y'r
e n

ot 
at 

ho
me

. 
En

er
gy

 E
ffi

cie
nc

y: 
Th

e s
ma

rt 
the

rm
os

tat
 an

d l
igh

tin
g s

ys
tem

 he
lp 

sa
ve

 en
er

gy
 by

 op
tim

izi
ng

 us
ag

e b
as

ed
 on

 oc
cu

pa
nc

y a
nd

 pr
efe

re
nc

es
. 

Se
cu

rit
y: 

Re
al-

tim
e m

on
ito

rin
g a

nd
 al

er
ts 

en
ha

nc
e t

he
 se

cu
rity

 of
 th

eir
 ho

me
, d

ete
rri

ng
 po

ten
tia

l in
tru

de
rs.

 
Re

so
ur

ce
 M

an
ag

em
en

t: 
Th

e f
am

ily
 ca

n m
on

ito
r e

ne
rg

y a
nd

 w
ate

r u
sa

ge
, h

elp
ing

 th
em

 m
ak

e i
nfo

rm
ed

 de
cis

ion
s a

bo
ut 

co
ns

er
va

tio
n.

 
Ch

all
en

ge
s a

nd
 C

on
sid

er
at

io
ns

: 
Pr

iva
cy

 C
on

ce
rn

s: 
Co

nn
ec

ted
 de

vic
es

 ga
the

r d
ata

 ab
ou

t u
se

rs'
 ha

bit
s a

nd
 pr

efe
re

nc
es

, r
ais

ing
 co

nc
er

ns
 ab

ou
t d

ata
 pr

iva
cy

. 
Co

m
pa

tib
ilit

y: 
No

t a
ll s

ma
rt 

de
vic

es
 ar

e c
om

pa
tib

le 
wi

th 
ea

ch
 ot

he
r, 

ma
kin

g i
t im

po
rta

nt 
to 

ch
oo

se
 a 

co
he

siv
e e

co
sy

ste
m.

 
In

iti
al 

Co
st

s: 
Se

ttin
g u

p a
 sm

ar
t h

om
e r

eq
uir

es
 an

 in
ve

stm
en

t in
 de

vic
es

 an
d i

nfr
as

tru
ctu

re
. 

 Th
e J

oh
ns

on
s' 

ex
pe

rie
nc

e w
ith

 th
eir

 sm
ar

t h
om

e i
llu

str
ate

s h
ow

 Io
T 

ca
n s

ign
ific

an
tly

 im
pr

ov
e t

he
 qu

ali
ty 

of 
life

 an
d b

rin
g c

on
ve

nie
nc

e t
o d

ail
y r

ou
tin

es
. T

he
 ca

se
 

stu
dy

 sh
ow

ca
se

s h
ow

 sm
ar

t h
om

e a
uto

ma
tio

n, 
dr

ive
n b

y I
oT

 te
ch

no
log

y, 
off

er
s h

om
eo

wn
er

s t
he

 ab
ilit

y t
o c

on
tro

l th
eir

 en
vir

on
me

nt,
 en

ha
nc

e s
ec

ur
ity

, a
nd

 pr
om

ote
 

en
er

gy
 ef

fic
ien

cy
. A

s I
oT

 co
nti

nu
es

 to
 ev

olv
e, 

the
 co

nc
ep

t o
f th

e s
ma

rt 
ho

me
 is

 lik
ely

 to
 be

co
me

 m
or

e i
nte

gr
ate

d i
nto

 ou
r li

ve
s, 

ma
kin

g o
ur

 liv
ing

 sp
ac

es
 m

or
e 

co
mf

or
tab

le 
an

d c
on

ne
cte

d.
 

So
me

 qu
es

tio
ns

 fo
r d

isc
us

sio
n: 

1. 
W

ha
t is

 th
e c

on
ce

pt 
of 

a "
sm

ar
t h

om
e"

 in
 th

is 
ca

se
 st

ud
y, 

an
d h

ow
 do

es
 Io

T 
pla

y a
 ro

le 
in 

it?
  

2. 
W

hy
 do

 yo
u t

hin
k s

ma
rt 

ho
me

 au
tom

ati
on

 is
 be

co
mi

ng
 in

cre
as

ing
ly 

po
pu

lar
? 

3. 
Ex

pla
in 

the
 fu

nc
tio

na
lity

 an
d b

en
efi

ts 
of 

the
 sm

ar
t th

er
mo

sta
t in

sta
lle

d b
y t

he
 Jo

hn
so

ns
.  

4. 
Ho

w 
do

 Io
T-

en
ab

led
 lig

ht 
bu

lbs
 co

ntr
ibu

te 
to 

bo
th 

co
nv

en
ien

ce
 an

d s
ec

ur
ity

 in
 th

eir
 ho

me
?  

5. 
De

sc
rib

e t
he

 co
mp

on
en

ts 
an

d f
un

cti
on

s o
f th

e s
ma

rt 
se

cu
rity

 sy
ste

m 
us

ed
 by

 th
e J

oh
ns

on
s. 

 
6. 

W
ha

t a
dv

an
tag

es
 do

 th
e J

oh
ns

on
s g

ain
 fr

om
 up

gr
ad

ing
 to

 sm
ar

t a
pp

lia
nc

es
 lik

e t
he

 re
frig

er
ato

r w
ith

 a 
bu

ilt-
in 

ca
me

ra
?  

7. 
Ho

w 
do

 vo
ice

 as
sis

tan
ts 

en
ha

nc
e t

he
 Jo

hn
so

ns
' c

on
tro

l o
ve

r t
he

ir s
ma

rt 
ho

me
 de

vic
es

? 
8. 

Di
sc

us
s t

he
 co

nv
en

ien
ce

 as
pe

cts
 o

f th
e J

oh
ns

on
s' 

sm
ar

t h
om

e. 
Ho

w 
do

es
 re

mo
te 

co
ntr

ol 
im

pr
ov

e t
he

ir d
ail

y l
ife

? 
 

9. 
Ho

w 
do

 th
e s

ma
rt 

the
rm

os
tat

 an
d l

igh
tin

g s
ys

tem
 he

lp 
the

 Jo
hn

so
ns

 sa
ve

 en
er

gy
? W

ha
t r

ole
 do

es
 op

tim
iza

tio
n p

lay
? 

 
10

. E
xp

lai
n h

ow
 th

e s
ma

rt 
se

cu
rity

 sy
ste

m 
no

t o
nly

 en
ha

nc
es

 se
cu

rity
 bu

t a
lso

 pr
ov

ide
s p

ea
ce

 of
 m

ind
.  

11
. A

na
lys

e t
he

 pr
iva

cy
 co

nc
er

ns
 re

lat
ed

 to
 Io

T 
de

vic
es

 in
 sm

ar
t h

om
es

. H
ow

 ca
n u

se
rs 

ad
dr

es
s t

he
se

 co
nc

er
ns

? 
 

12
. C

an
 yo

u t
hin

k o
f o

the
r r

ea
l-li

fe 
sc

en
ar

ios
 w

he
re

 Io
T 

tec
hn

olo
gy

 co
uld

 be
 ap

pli
ed

 to
 en

ha
nc

e c
on

ve
nie

nc
e, 

se
cu

rity
, o

r e
ne

rg
y e

ffic
ien

cy
? 

D.
4 I

de
nt

ify
 th

e c
om

m
on

 u
se

s o
f I

CT
 in

 th
e r

ea
l w

or
ld

 
• 

Li
nk

 to
 D

.1 
an

d 
D.

5 
Un

de
rst

an
d h

ow
 ne

tw
or

ks
 su

pp
or

t th
e I

nte
rn

et 
of 

Th
ing

s (
IoT

) a
nd

 cl
ou

d c
om

pu
tin

g. 
Ex

am
pl

e a
ct

ivi
ty

: 
Pr

ov
ide

 le
ar

ne
rs 

wi
th 

a b
lan

k d
iag

ra
m 

of 
the

 Io
T 

an
d 

clo
ud

 ne
tw

or
k a

rch
ite

ctu
re

. 
As

k t
he

m 
to 

lab
el 

an
d d

ra
w 

ar
ro

ws
 to

 re
pr

es
en

t h
ow

 
da

ta 
flo

ws
 fr

om
 an

 Io
T 

de
vic

e t
o t

he
 cl

ou
d a

nd
 ba

ck
. 

En
co

ur
ag

e t
he

m 
to 

inc
lud

e l
ab

els
 fo

r I
oT

 de
vic

es
, lo

ca
l 

ne
tw

or
ks

, th
e i

nte
rn

et,
 an

d c
lou

d s
er

ve
rs.

 
E.

g. 
 

Re
vis

e n
et

wo
rk

s 
Re

vis
e I

oT
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Co
nt

en
t (

Gr
ad

e 9
 / T

er
m

 3)
 

No
te

s/E
xa

m
pl

es
 

D.
5 D

iff
er

en
tia

te
 b

et
we

en
 th

e c
om

po
ne

nt
s o

f a
n 

IC
T 

sy
st

em
  

D.
4, 

D.
5, 

D.
7 d

on
e t

og
et

he
r 

D.
6 E

xp
lai

n 
ho

w 
th

e a
da

pt
at

io
n 

of
 te

ch
no

lo
gy

 im
pa

ct
ed

 th
e w

or
ld

 w
e w

or
k a

nd
 liv

e i
n 

 
D.

2, 
D.

6, 
D.

8, 
D.

9 d
on

e t
og

et
he

r 
D.

7 P
re

se
nt

 a 
ba

sic
 u

nd
er

st
an

di
ng

 o
f t

he
 co

nc
ep

t o
f i

np
ut

 p
ro

ce
ss

in
g 

an
d 

ou
tp

ut
.  

Li
nk

 to
 R

.5 
– R

.7 
Sc

en
ar

io
: S

m
ar

t H
om

e C
lim

at
e C

on
tro

l S
ys

te
m

 
Di

vid
e l

ea
rn

er
s i

n p
air

s a
nd

 le
t th

em
 cr

ea
te 

an
 IP

O 
tab

le 
to 

plo
t th

e d
iffe

re
nt 

pr
oc

es
se

s. 
In

pu
t: 

In 
a m

od
er

n s
ma

rt 
ho

me
, th

e c
lim

ate
 co

ntr
ol 

sy
ste

m 
is 

eq
uip

pe
d w

ith
 va

rio
us

 se
ns

or
s, 

inc
lud

ing
 te

mp
er

atu
re

 se
ns

or
s, 

hu
mi

dit
y s

en
so

rs,
 an

d m
oti

on
 se

ns
or

s. 
Th

e 
re

sid
en

ts 
of 

the
 ho

me
 ha

ve
 se

t th
eir

 pr
efe

rre
d t

em
pe

ra
tur

e r
an

ge
 to

 be
 be

tw
ee

n 2
2°

C 
an

d 2
5°

C 
an

d a
 hu

mi
dit

y l
ev

el 
of 

ar
ou

nd
 40

-5
0%

. T
he

 sy
ste

m 
als

o c
on

sid
er

s 
the

 re
sid

en
ts'

 oc
cu

pa
nc

y p
att

er
ns

, s
uc

h a
s w

he
n t

he
y a

re
 at

 ho
me

 an
d w

he
n t

he
y a

re
 aw

ay
. 

Pr
oc

es
s: 

Th
e s

ma
rt 

ho
me

 cl
im

ate
 co

ntr
ol 

sy
ste

m'
s m

icr
op

ro
ce

ss
or

 co
ns

tan
tly

 re
ce

ive
s i

np
ut 

fro
m 

the
 se

ns
or

s, 
wh

ich
 m

on
ito

r t
he

 te
mp

er
at

ur
e, 

hu
mi

dit
y, 

an
d d

ete
ct 

mo
tio

n i
n 

dif
fer

en
t r

oo
ms

 of
 th

e h
ou

se
. T

he
 m

icr
op

ro
ce

ss
or

 an
aly

se
s t

his
 da

ta 
to 

de
ter

mi
ne

 th
e c

ur
re

nt 
cli

ma
te 

co
nd

itio
ns

 w
ith

in 
the

 ho
me

. 
Ou

tp
ut

: 
Ba

se
d o

n t
he

 pr
oc

es
se

d i
nfo

rm
ati

on
, th

e s
ma

rt 
ho

me
 cl

im
ate

 co
ntr

ol 
sy

ste
m 

tak
es

 ap
pr

op
ria

te 
ac

tio
ns

 to
 m

ain
tai

n t
he

 de
sir

ed
 cl

im
ate

 co
nd

itio
ns

. H
er

e a
re

 so
me

 
ex

am
ple

s o
f h

ow
 th

e s
ys

tem
 re

sp
on

ds
: 

If t
he

 te
mp

er
atu

re
 is

 be
low

 th
e l

ow
er

 th
re

sh
old

 (2
2°

C)
 an

d t
he

re
 ar

e o
cc

up
an

ts 
in 

the
 ro

om
, th

e m
icr

op
ro

ce
ss

or
 ac

tiv
ate

s t
he

 h
ea

tin
g s

ys
tem

 to
 in

cre
as

e t
he

 
tem

pe
ra

tur
e.

 
If t

he
 te

mp
er

atu
re

 ex
ce

ed
s t

he
 up

pe
r t

hr
es

ho
ld 

(2
5°

C)
 an

d o
cc

up
an

ts 
ar

e p
re

se
nt,

 th
e m

icr
op

ro
ce

ss
or

 ac
tiv

ate
s t

he
 ai

r c
on

dit
ion

ing
 sy

ste
m 

to 
low

er
 th

e 
tem

pe
ra

tur
e.

 
If t

he
 hu

mi
dit

y l
ev

el 
fal

ls 
be

low
 40

%
, th

e m
icr

op
ro

ce
ss

or
 tu

rn
s o

n a
 hu

mi
dif

ier
 to

 in
cre

as
e h

um
idi

ty.
 

W
he

n t
he

 m
oti

on
 se

ns
or

s d
ete

ct 
tha

t th
er

e a
re

 no
 oc

cu
pa

nts
 in

 th
e h

ou
se

, th
e m

icr
op

ro
ce

ss
or

 ad
jus

ts 
the

 cl
im

ate
 co

ntr
ol 

se
ttin

gs
 to

 an
 en

er
gy

-sa
vin

g m
od

e, 
ma

int
ain

ing
 a 

sli
gh

tly
 w

ide
r t

em
pe

ra
tur

e r
an

ge
 to

 co
ns

er
ve

 en
er

gy
. 

If n
o o

cc
up

an
ts 

ar
e d

ete
cte

d f
or

 an
 ex

ten
de

d p
er

iod
, th

e s
ys

tem
 go

es
 in

to 
a s

lee
p m

od
e, 

re
du

cin
g p

ow
er

 co
ns

um
pti

on
 un

til 
so

me
on

e r
etu

rn
s. 

By
 co

nti
nu

all
y p

ro
ce

ss
ing

 th
e i

np
ut 

fro
m 

va
rio

us
 se

ns
or

s, 
the

 m
icr

op
ro

ce
ss

or
 en

su
re

s t
ha

t th
e s

ma
rt 

ho
me

's 
cli

ma
te 

co
ntr

ol 
sy

ste
m 

op
er

ate
s e

ffic
ien

tly
, p

ro
vid

ing
 a 

co
mf

or
tab

le 
liv

ing
 en

vir
on

me
nt 

wh
ile

 op
tim

izi
ng

 en
er

gy
 us

ag
e b

as
ed

 on
 oc

cu
pa

nc
y p

att
er

ns
. 

In
pu

t 
Pr

oc
es

sin
g 

Ou
tp

ut
 

Te
mp

er
atu

r
e s

en
so

rs 
Mi

cro
pr

oc
es

so
r 

co
lle

cts
 

tem
pe

ra
tur

e d
ata

 

An
aly

se
s i

nd
oo

r 
tem

pe
ra

tur
e f

or
 cl

im
ate

 
co

ntr
ol 

Hu
mi

dit
y 

se
ns

or
s 

Mi
cro

pr
oc

es
so

r 
me

as
ur

es
 

hu
mi

dit
y l

ev
els

 

Ev
alu

ate
s h

um
idi

ty 
for

 
cli

ma
te 

re
gu

lat
ion

 

Mo
tio

n 
se

ns
or

s 
Mi

cro
pr

oc
es

so
r 

de
tec

ts 
oc

cu
pa

nc
y 

sta
tus

 

Ad
jus

ts 
cli

ma
te 

se
ttin

gs
 

ba
se

d o
n o

cc
up

an
cy

 

Us
er

-
de

fin
ed

 
pr

efe
re

nc
es

 

Mi
cro

pr
oc

es
so

r 
us

es
 re

sid
en

ts'
 

se
ttin

gs
 

Ad
ap

ts 
cli

ma
te 

se
ttin

gs
 to

 
ma

tch
 us

er
 pr

efe
re

nc
es

 

Tim
e o

f d
ay

 
da

ta 
Mi

cro
pr

oc
es

so
r 

tra
ck

s d
ay

 an
d 

nig
ht 

pe
rio

ds
 

Op
tim

ize
s c

lim
ate

 co
ntr

ol 
ba

se
d o

n t
im

e o
f d

ay
 

Ot
he

r 
en

vir
on

me
nt

al 
da

ta 
(o

pti
on

al)
 

Mi
cro

pr
oc

es
so

r 
pr

oc
es

se
s 

ad
dit

ion
al 

da
ta 

Cu
sto

mi
ze

s c
lim

ate
 

ac
tio

ns
 ba

se
d o

n s
pe

cif
ic 

ne
ed

s o
r e

nv
iro

nm
en

tal
 

fac
tor

s 
Th

e I
PO

 ta
ble

 ou
tlin

es
 th

e i
np

uts
, p

ro
ce

ss
ing

, a
nd

 ou
tpu

ts 
of 

the
 S

ma
rt 

Ho
me

 C
lim

ate
 S

ys
tem

. T
he

 m
icr

op
ro

ce
ss

or
 

ga
the

rs 
da

ta 
fro

m 
tem

pe
ra

tur
e s

en
so

rs,
 hu

mi
dit

y s
en

so
rs,

 
mo

tio
n s

en
so

rs,
 us

er
-d

efi
ne

d p
re

fer
en

ce
s, 

an
d t

im
e-

of-
da

y. 
It 

the
n p

ro
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ra
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y l
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d o
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ad
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 re
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ra
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r p
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d o
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t p
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r c
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r c
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9 d
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 D
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 d
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 d

ev
elo

p 
a s

et
 o

f l
og

ica
l in

st
ru

ct
io

ns
 to

 so
lve

 a 
pr

ob
lem

. 
Li

nk
 to

 C
.1 

– C
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e c
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f c
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e d
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f c
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s p
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m
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r c
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g d
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f d
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e d
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e p
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 m
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g l
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n p
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e p
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ra
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s b
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 m
atc
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r p
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d d
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 m
atc
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e t
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e d
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e c
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d m
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 pr
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e r
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o c
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 re
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d d
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e c
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 m
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e p
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n p
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. 
Ad

d 
ru

les
 fo

r u
se

: A
dd

 ru
les

 fo
r h

ow
 th

e d
iffe

re
nt 

de
vic

es
 in

 yo
ur

 sm
ar

t h
om

e w
ou

ld 
be

 us
ed

. F
or

 ex
am

ple
, y

ou
 m

igh
t d

ec
ide

 th
at 

the
 lig

hts
 ca

n o
nly

 be
 tu

rn
ed

 on
 

an
d o

ff b
y a

du
lts

, o
r t

ha
t th

e s
ec

ur
ity

 sy
ste

m 
ca

n o
nly

 be
 ac

tiv
ate

d w
he

n s
om

eo
ne

 is
 ho

me
. 

Co
nn

ec
t t

he
 d

ev
ice

s: 
Ind

ica
te 

ho
w 

the
 di

ffe
re

nt 
de

vic
es

 in
 yo

ur
 sm

ar
t h

om
e w

ou
ld 

be
 co

nn
ec

ted
 to

 ea
ch

 ot
he

r. 
Th

is 
co

uld
 be

 do
ne

 w
ith

 w
ire

s, 
W

i-F
i, o

r B
lue

too
th.

 
La

be
l t

he
 d

ev
ice

s: 
La

be
l e

ac
h d

ev
ice

 in
 th

eir
 sm

ar
t h

om
e w

ith
 its

 na
me

 an
d f

un
cti

on
. 

De
sc

rib
e t

he
 co

m
m

un
ica

tio
n 

be
tw

ee
n 

de
vic

es
: D

es
cri

be
 ho

w 
the

 di
ffe

re
nt 

de
vic

es
 in

 yo
ur

 sm
ar

t h
om

e w
ou

ld 
co

mm
un

ica
te 

wi
th 

ea
ch

 ot
he

r. 
Fo

r e
xa

mp
le,

 th
e 

lig
hts

 w
ou

ld 
au

tom
ati

ca
lly

 tu
rn

 on
 w

he
n t

he
 se

cu
rity

 sy
ste

m 
is 

ac
tiv

ate
d, 

or
 th

e t
he

rm
os

tat
 w

ou
ld 

ad
jus

t it
se

lf t
o s

av
e e

ne
rg

y w
he

n n
o o

ne
 is

 ho
me

. 
De

sc
rib

e t
he

 se
cu

rit
y f

ea
tu

re
s:

 D
es

cri
be

 th
e s

ec
ur

ity
 fe

atu
re

s t
ha

t w
ou

ld 
be

 in
 yo

ur
 sm

ar
t h

om
e. 

Th
is 

co
uld

 in
clu

de
 th

ing
s l

ike
 m

oti
on

 se
ns

or
s, 

do
or

 an
d w

ind
ow

 
se

ns
or

s, 
an

d s
ec

ur
ity

 ca
me

ra
s. 

 
De

sc
rib

e t
he

 u
se

 fo
r e

ac
h 

ro
le 

pl
ay

er
: D

es
cri

be
 ho

w 
ea

ch
 pe

rso
n i

n t
he

 ho
us

eh
old

 w
ou

ld 
us

e t
he

 di
ffe

re
nt 

de
vic

es
 in

 th
e s

ma
rt 

ho
me

. F
or

 ex
am

ple
, p

ar
en

ts 
wo

uld
 

us
e t

he
 se

cu
rity

 sy
ste

m 
to 

ke
ep

 th
eir

 ch
ild

re
n s

afe
, o

r t
he

 ch
ild

re
n w

ou
ld 

us
e t

he
 ro

bo
t v

ac
uu

m 
cle

an
er

 to
 he

lp 
the

m 
wi

th 
the

ir c
ho

re
s. 

On
ce

 le
ar

ne
rs 

ha
ve

 co
mp

let
ed

 th
is 

ac
tiv

ity
, th

ey
 w

ill 
cre

ate
 a 

vis
ua

l re
pr

es
en

tat
ion

 of
 th

eir
 id

ea
l s

ma
rt 

ho
me

. T
he

y w
ill 

als
o h

av
e a

 be
tte

r u
nd

er
sta

nd
ing

 of
 ho

w 
sm

ar
t h

om
es

 w
or

k a
nd

 ho
w 

the
y c

an
 be

 us
ed

 to
 m

ak
e l

ife
 m

or
e c

on
ve

nie
nt 

an
d e

ffic
ien

t. 
Ad

dit
ion

al 
tip

s f
or

 th
is 

ac
tiv

ity
: 

En
co

ur
ag

e l
ea

rn
er

s t
o b

e c
re

ati
ve

 an
d t

hin
k o

uts
ide

 th
e b

ox
. T

he
re

 ar
e n

o r
igh

t o
r w

ro
ng

 an
sw

er
s w

he
n i

t c
om

es
 to

 de
sig

nin
g a

 sm
ar

t h
om

e.
 

He
lp 

lea
rn

er
s t

o r
es

ea
rch

 di
ffe

re
nt 

sm
ar

t h
om

e d
ev

ice
s a

nd
 fe

atu
re

s. 
Th

is 
wi

ll g
ive

 th
em

 a 
be

tte
r u

nd
er

sta
nd

ing
 of

 th
e o

pti
on

s a
va

ila
ble

 to
 th

em
. 

En
co

ur
ag

e l
ea

rn
er

s t
o c

oll
ab

or
ate

 w
ith

 ea
ch

 ot
he

r. 
Th

is 
wi

ll h
elp

 th
em

 to
 co

me
 up

 w
ith

 m
or

e c
re

ati
ve

 an
d i

nn
ov

ati
ve

 id
ea

s. 
Al

low
 le

ar
ne

rs 
to 

re
vis

e t
he

ir d
es

ign
s a

s n
ee

de
d. 

Th
is 

is 
a l

ea
rn

ing
 pr

oc
es

s, 
an

d i
t is

 im
po

rta
nt 

to 
giv

e l
ea

rn
er

s t
he

 op
po

rtu
nit

y t
o m

ak
e m

ist
ak

es
 an

d l
ea

rn
 fr

om
 

the
m.

 T
he

 ac
tiv

ity
 ca

n b
e e

xte
nd

ed
 to

 in
clu

de
 a 

ga
rd

en
 sy

ste
m.

  



155CODING AND ROBOTICSCAPS

Co
nt

en
t (

Gr
ad

e 9
 / T

er
m

 4)
 

No
te

s/E
xa

m
pl

es
 

Ro
bo

tic
s 

 
R.

3 O
ut

lin
e t

he
 d

iff
er

en
t c

om
po

ne
nt

s o
f a

 ro
bo

t 
R.

3, 
R.

5, 
R.

6 a
nd

 R
.7 

do
ne

 to
ge

th
er

 
R.

5 D
es

ig
n 

a s
im

pl
e a

rte
fa

ct
 b

as
ed

 o
n 

a s
et

 o
f d

es
ig

n 
in

st
ru

ct
io

ns
 

Th
e l

ea
rn

er
s m

us
t b

e a
ble

 to
 a

pp
ly 

the
 pr

inc
ipl

es
 of

 de
sig

n 
thi

nk
ing

 to
 de

ve
lop

 an
 ar

tef
ac

t th
at 

de
plo

ys
 at

 le
as

t 2
 se

ns
or

s, 
an

 ac
tua

tor
, a

nd
 ot

he
r c

om
po

ne
nts

.  T
he

 le
ar

ne
r m

ay
 al

so
 

de
cid

e t
o i

nc
or

po
ra

te 
an

y a
dd

itio
na

l s
en

so
rs,

 or
 co

ntr
ols

 an
d 

co
mm

un
ica

tio
n w

ith
 an

oth
er

 m
icr

oc
on

tro
lle

r. 
Th

e l
ea

rn
er

 
sh

ou
ld 

pr
es

en
t th

e o
ve

ra
ll d

es
ign

 of
 th

eir
 ar

tef
ac

t, i
ts 

pu
rp

os
e 

an
d h

ow
 it 

is 
to 

op
er

ate
. 

Th
e t

he
me

 fo
r t

he
 pr

oje
ct 

is 
a S

MA
RT

 de
vic

e. 
Ex

am
ple

s o
f s

uc
h p

ro
jec

ts 
ar

e: 
- 

a s
ma

rt 
ho

me
, o

r  
- 

sm
ar

t fa
rm

/hy
dr

op
on

ic 
sy

ste
m,

  
- 

or
 ev

en
 a 

sm
ar

t r
ob

ot 
(E

.g.
, B

all
oo

n p
op

pe
r e

tc.
) 

 

R.
6 M

im
ic 

th
e o

pe
ra

tio
ns

 o
f a

 ro
bo

t 
R.

7 C
re

at
e, 

te
st

 an
d 

ex
ec

ut
e a

 se
t o

f r
ob

ot
ic 

in
st

ru
ct

io
ns

  
Fi

na
l P

ro
jec

t  

Ex
am

pl
e P

ro
jec

t –
 S

m
ar

t H
om

e 
Th

e l
ea

rn
er

s m
us

t c
on

str
uc

t th
eir

 ar
tef

ac
t fr

om
 m

ate
ria

ls 
an

d s
ma

rt 
ho

me
 fr

om
 re

cy
cle

d m
ate

ria
l.  

 
 R.

4 –
 P

re
se

nt
 an

 u
nd

er
st

an
di

ng
 o

f h
ow

 ro
bo

ts
 af

fe
ct

 th
e w

or
ld

. 
 

Ex
am

pl
e A

ct
ivi

ty
  

Th
e l

ea
rn

er
s c

an
 br

ain
sto

rm
 on

 ho
w 

the
 de

ve
lop

me
nt 

of 
cre

ati
ve

 so
lut

ion
s t

o a
dd

re
ss

 co
nc

er
ns

 re
lat

ed
 to

 ro
bo

t-h
um

an
 in

ter
ac

tio
ns

, e
mp

loy
me

nt 
sh

ifts
, a

nd
 pr

iva
cy

 
co

nc
er

ns
, p

ro
mo

tin
g r

es
po

ns
ibl

e a
nd

 et
hic

al 
im

ple
me

nta
tio

n c
ou

ld 
be

 ad
dr

es
se

d i
n t

he
 4I

R+
 so

cie
ty 

 

Th
e l

ea
rn

er
s s

ho
uld

 be
 ab

le 
to

 
• 

Ex
pla

in 
the

 po
ss

ibi
liti

es
 of

 ad
va

nc
ed

 ro
bo

ts 
wi

th 
ar

tifi
cia

l 
int

ell
ige

nc
e, 

co
ns

ide
rin

g t
he

ir i
mp

ac
t o

n e
mp

loy
me

nt,
 

so
cia

l s
tru

ctu
re

s, 
an

d h
um

an
 in

ter
ac

tio
n.

 
• 

Di
sc

us
s t

he
 ad

va
nta

ge
s a

nd
 di

sa
dv

an
tag

es
 of

 ut
iliz

ing
 

ro
bo

ts 
in 

da
ng

er
ou

s s
itu

ati
on

s a
nd

 sp
ac

e e
xp

lor
ati

on
. 

Di
gi

ta
l C

on
ce

pt
s 

 

Co
nt

en
t (

Gr
ad

e 9
 / T

er
m

 4)
 

No
te

s/E
xa

m
pl

es
 

D.
1 O

ut
lin

e t
he

 co
nc

ep
t o

f t
ec

hn
ol

og
y a

nd
 p

ur
po

se
 o

f i
nf

or
m

at
io

n 
te

ch
no

lo
gy

 (I
T)

 
D.

2 R
ec

og
ni

se
 th

at
 h

e o
r s

he
 is

 liv
in

g 
as

 ci
tiz

en
s i

n 
a d

ig
ita

l w
or

ld
.  

Li
nk

 to
 D

.6 
D.

3 D
em

on
st

ra
te

 an
 u

nd
er

st
an

di
ng

 o
f t

he
 co

nc
ep

t o
f a

 co
m

pu
tin

g 
de

vic
e.

 
Li

nk
 to

 D
.1,

 D
.4 

an
d 

D.
5 

D.
4 I

de
nt

ify
 th

e c
om

m
on

 u
se

s o
f I

CT
 in

 th
e r

ea
l w

or
ld

 
Li

nk
 to

 D
.1 

an
d 

D.
5 

D.
5 D

iff
er

en
tia

te
 b

et
we

en
 th

e c
om

po
ne

nt
s o

f a
n 

IC
T 

sy
st

em
  

Li
nk

 to
 D

.4 
D.

6 E
xp

lai
n 

ho
w 

th
e a

da
pt

at
io

n 
of

 te
ch

no
lo

gy
 im

pa
ct

ed
 th

e w
or

ld
 w

e w
or

k a
nd

 liv
e i

n 
 

Li
nk

 to
 D

.2 
D.

7 P
re

se
nt

 a 
ba

sic
 u

nd
er

st
an

di
ng

 o
f t

he
 co

nc
ep

t o
f i

np
ut

 p
ro

ce
ss

in
g 

an
d 

ou
tp

ut
. 

Li
nk

 to
 D

.3,
 C

.1-
C.

5 a
nd

 R
.5-

R.
7 

D.
8 I

nt
er

pr
et

 a 
pa

tte
rn

 to
 re

pr
es

en
t o

r c
om

m
un

ica
te

 a 
m

es
sa

ge
 o

r i
m

ag
e. 

D.
9 C

re
at

e a
 p

at
te

rn
 to

 re
pr

es
en

t o
r c

om
m

un
ica

te
 a 

m
es

sa
ge

 o
r i

m
ag

e. 
D.

10
 D

em
on

st
ra

te
 a 

ba
sic

 p
ro

fic
ien

cy
 in

 th
e a

pp
lic

at
io

n 
of

 d
ig

ita
l s

kil
ls.

 
Li

nk
 to

 C
.2 

– C
.5 

an
d 

R.
5 –

 R
.7 

  Co
ns

oli
da

te 
all

 ou
tco

me
s i

nto
 on

e 
or

 tw
o a

cti
vit

ies
. 

 

Co
ns

ol
id

at
io

n 
ac

tiv
ity

: 
Cr

ea
te 

a v
isu

al 
re

pr
es

en
tat

ion
 of

 yo
ur

 id
ea

l s
ma

rt 
ho

me
 by

 sk
etc

hin
g o

r u
sin

g d
igi

tal
 de

sig
n t

oo
ls.

 In
clu

de
 ro

om
s, 

de
vic

es
, c

on
ne

cti
on

s, 
an

d d
es

ign
at

ed
 ro

les
 fo

r 
fam

ily
 m

em
be

rs 
or

 ro
le 

pla
ye

rs 
wi

thi
n y

ou
r s

ma
rt 

ho
me

. B
e s

ur
e t

o c
on

sid
er

 th
e l

ay
ou

t, p
lac

em
en

t o
f d

ev
ice

s, 
an

d h
ow

 yo
u i

nte
ra

ct 
to

 m
ak

e y
ou

r h
om

e m
or

e 
eff

ici
en

t a
nd

 en
joy

ab
le.

 
Le

ar
ne

rs 
wi

ll n
ee

d a
 pi

ec
e o

f p
ap

er
, p

en
cil

s, 
ma

rke
rs,

 an
d a

ny
 ot

he
r m

ate
ria

ls 
the

y w
an

t to
 us

e t
o c

re
ate

 th
eir

 vi
su

al 
re

pr
es

en
tat

ion
. T

his
 ac

tiv
ity

 ca
n b

e d
on

e i
n 

gr
ou

ps
 of

 3 
– 4

. S
tep

s t
o f

oll
ow

: 
Br

ain
st

or
m

 id
ea

s: 
Br

ain
sto

rm
 a 

lis
t o

f fe
atu

re
s t

he
y w

ou
ld 

lik
e t

he
ir i

de
al 

sm
ar

t h
om

e t
o h

av
e. 

Th
is 

co
uld

 in
clu

de
 th

ing
s l

ike
: 

• 
Sm

ar
t li

gh
ts 

tha
t c

an
 be

 tu
rn

ed
 on

 an
d o

ff w
ith

 a 
vo

ice
 co

mm
an

d o
r a

 ge
stu

re
. 

• 
A 

se
cu

rity
 sy

ste
m 

tha
t c

an
 be

 m
on

ito
re

d r
em

ote
ly.

 
• 

A 
the

rm
os

tat
 th

at 
ca

n b
e a

dju
ste

d a
ut

om
ati

ca
lly

 to
 sa

ve
 en

er
gy

. 
• 

A 
do

or
be

ll t
ha

t c
an

 se
nd

 a 
no

tifi
ca

tio
n t

o y
ou

r p
ho

ne
 w

he
n s

om
eo

ne
 is

 at
 th

e d
oo

r. 
• 

A 
ro

bo
t v

ac
uu

m 
cle

an
er

 th
at 

ca
n c

lea
n t

he
 flo

or
s w

ith
ou

t y
ou

 ha
vin

g t
o l

ift 
a f

ing
er

. 
• 

A 
sm

ar
t lo

ck
 th

at 
ca

n b
e u

nlo
ck

ed
 w

ith
 yo

ur
 fin

ge
rp

rin
t. 

• 
A 

sm
ar

t s
pe

ak
er

 th
at 

ca
n p

lay
 m

us
ic,

 se
t a

lar
ms

, a
nd

 an
sw

er
 qu

es
tio

ns
. 

• 
A 

sm
ar

t T
V 

tha
t c

an
 st

re
am

 m
ov

ies
 an

d s
ho

ws
, c

on
tro

l o
the

r d
ev

ice
s, 

an
d e

ve
n m

ak
e v

ide
o c

all
s 

Dr
aw

 a 
flo

or
 p

lan
: D

ra
w 

a f
loo

r p
lan

 of
 th

eir
 id

ea
l s

ma
rt 

ho
me

. L
ab

el 
ea

ch
 ro

om
 an

d i
nd

ica
te 

wh
er

e t
he

 di
ffe

re
nt 

de
vic

es
 w

ou
ld 

be
 lo

ca
ted

. 
Ad

d 
ru

les
 fo

r u
se

: A
dd

 ru
les

 fo
r h

ow
 th

e d
iffe

re
nt 

de
vic

es
 in

 yo
ur

 sm
ar

t h
om

e w
ou

ld 
be

 us
ed

. F
or

 ex
am

ple
, y

ou
 m

igh
t d

ec
ide

 th
at 

the
 lig

hts
 ca

n o
nly

 be
 tu

rn
ed

 on
 

an
d o

ff b
y a

du
lts

, o
r t

ha
t th

e s
ec

ur
ity

 sy
ste

m 
ca

n o
nly

 be
 ac

tiv
ate

d w
he

n s
om

eo
ne

 is
 ho

me
. 

Co
nn

ec
t t

he
 d

ev
ice

s: 
Ind

ica
te 

ho
w 

the
 di

ffe
re

nt 
de

vic
es

 in
 yo

ur
 sm

ar
t h

om
e w

ou
ld 

be
 co

nn
ec

ted
 to

 ea
ch

 ot
he

r. 
Th

is 
co

uld
 be

 do
ne

 w
ith

 w
ire

s, 
W

i-F
i, o

r B
lue

too
th.

 
La

be
l t

he
 d

ev
ice

s: 
La

be
l e

ac
h d

ev
ice

 in
 th

eir
 sm

ar
t h

om
e w

ith
 its

 na
me

 an
d f

un
cti

on
. 

De
sc

rib
e t

he
 co

m
m

un
ica

tio
n 

be
tw

ee
n 

de
vic

es
: D

es
cri

be
 ho

w 
the

 di
ffe

re
nt 

de
vic

es
 in

 yo
ur

 sm
ar

t h
om

e w
ou

ld 
co

mm
un

ica
te 

wi
th 

ea
ch

 ot
he

r. 
Fo

r e
xa

mp
le,

 th
e 

lig
hts

 w
ou

ld 
au

tom
ati

ca
lly

 tu
rn

 on
 w

he
n t

he
 se

cu
rity

 sy
ste

m 
is 

ac
tiv

ate
d, 

or
 th

e t
he

rm
os

tat
 w

ou
ld 

ad
jus

t it
se

lf t
o s

av
e e

ne
rg

y w
he

n n
o o

ne
 is

 ho
me

. 
De

sc
rib

e t
he

 se
cu

rit
y f

ea
tu

re
s:

 D
es

cri
be

 th
e s

ec
ur

ity
 fe

atu
re

s t
ha

t w
ou

ld 
be

 in
 yo

ur
 sm

ar
t h

om
e. 

Th
is 

co
uld

 in
clu

de
 th

ing
s l

ike
 m

oti
on

 se
ns

or
s, 

do
or

 an
d w

ind
ow

 
se

ns
or

s, 
an

d s
ec

ur
ity

 ca
me

ra
s. 

 
De

sc
rib

e t
he

 u
se

 fo
r e

ac
h 

ro
le 

pl
ay

er
: D

es
cri

be
 ho

w 
ea

ch
 pe

rso
n i

n t
he

 ho
us

eh
old

 w
ou

ld 
us

e t
he

 di
ffe

re
nt 

de
vic

es
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4 SECTION 4 
ASSESSMENT 

4.1 ASSESSMENT 
Assessment is a continuous planned process of identifying, gathering and interpreting information about the 
performance of learners, using various forms of assessment. It involves four steps: generating and collecting 
evidence of achievement, evaluating this evidence, recording the findings and using this information to 
understand and thereby assist the learner’s development to improve the process of learning and teaching.  

Assessment involves activities that are undertaken throughout the year. Assessment comprises two different but 
related activities: informal daily assessment (assessment for learning) and formal assessment (assessment of 
learning).  

Assessment in Coding and Robotics should encourage computational thinking practices, i.e. integrating the 
power of human thinking with the capabilities of ICTs and computer programming.  

However, cognisance should also be taken of what is being assessed. Certain competencies are best assessed 
with particular forms of assessment. Different kinds of assessments are appropriate to the competencies 
necessary for different topics at different age groups. It is useful to use an observation checklist to assess 
learners measuring in the early grades. Rubrics, for example, can be used to evaluate learner’s Coding and 
Robotics as well as problem solving skills. 

Assessment involves activities that are undertaken throughout the year. In grades 7 – 9 assessment comprises 
two different but related activities: informal daily assessment (assessment for learning) and formal assessment 
(assessment of learning).  

Assessment in Coding and Robotics should encourage computational thinking practices, i.e. integrating the 
power of human thinking with the capabilities of ICTs and computer programming.  

4.1.1 Informal or daily assessment  

Assessment for learning has the purpose of continuously collecting information on a learner’s achievement that 
can be used to improve their learning. Informal assessment is the daily monitoring of learners’ daily progression 
and should also focus on how learners learn and retain new information. It should therefore include retrieval 
practice (as described by the science of learning –section 2.7.4) as well as deliberate practise (See Section 
2.7.5). 

Trying to remember something enhances memory, and teachers can use quizzes or self-tests for this purpose. 
As learners learn and retain new information by focusing on the meaning of the content, teachers can assign 
tasks that require learners to explain or organise the material (e.g. concept maps), which helps them think about 
the meaning of content. 

In learning Coding and Robotics, practise is also essential, and teachers can focus on regular practise and 
retrieval as well as spaced practise and retrieval over time to aid long-term retention. Teachers can also 
interleave different types of practice and use multiple modalities to enhance learning 

Informal assessment and retrieval practise may be as simple as stopping during the lesson to ask questions or 
have learners writing down what they can remember about what was learned in a previous lesson and provide 
feedback to the learners. Informal assessment does not need be recorded. It is part of all learning activities 
taking place in the classroom. Learners or teachers can mark these tasks. 

Self-assessment and peer assessment actively involves learners in assessment. This is important as it allows 
learners to learn from and reflect on their own performance. The results of the informal daily assessment tasks 
are not formally recorded unless the teacher wishes to do so. The results of daily assessment tasks are not 
used for promotion and certification purposes.  

4.1.2 Formal assessment  

All assessment tasks that make up a formal programme of assessment for the year are regarded as formal 
assessment. Formal assessment tasks are marked and formally recorded by the teacher for progression and 
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4.1.2 Formal assessment  

All assessment tasks that make up a formal programme of assessment for the year are regarded as formal 
assessment. Formal assessment tasks are marked and formally recorded by the teacher for progression and 

certification purposes. All formal assessment tasks are subject to moderation for the purpose of quality 
assurance and to ensure that appropriate standards are maintained. 

Formal assessment provides teachers with a systematic way of evaluating how well learners are progressing in 
a grade and in a particular subject. Examples of formal assessments include tests, examinations, practical 
tasks, projects, etc. Formal assessment tasks form part of a year-long formal programme of assessment in each 
grade and subject. 

Coding and Robotics has three strands with vital practical components regarding the Coding and Robotics 
strands. 

Both the Coding and Robotics strands include mini–Practical Assessment Tasks (PATs) which together will 
make up 33,3% of the Final Examination mark (20 out of a possible 60). 

The following tables provide the formal assessment requirements for Coding and Robotics: 

 Informal Assessment Formal Assessment per Term 
Practical Tasks and Theory Test/Examination Total 

Enabling Activities/Tasks Practical Tasks Term Test/Examination Term Mark 
Term 1 

0% 

70% (1 Coding + 1 Robotics – 35+35) 30% 100% 
Term 2 70% (1 Coding + 1 Robotics – 35+35) 30% 100% 
Term 3 70% (1 Coding + 1 Robotics – 35+35) 30% 100% 
Term 4 70 marks = 100% No Test 100% 

Promotion Mark 

CASS Component: 40% Final Examination Component: 60%  
Continuous Assessment: 
Test + Practical Tasks:  40 Combined Practical Tasks: 20 Examination: 40 Promotion 

Term 1 + Term 2+ Term 3 + Term 4 T1 + T2 + T3 + T4 40 100 10 + 10 + 10 + 10 5 + 5 + 5 + 5 

Note:  

The practical tasks must include practical content/application with regards to 

• Coding (e.g. develop code for a coding task/problem – refer to C.2)  
• Robotics (e.g. creating robotics artefacts – refer to R.5 – R.7) 

Practical tasks for robotics could be done and assessed in pairs. 

The tests and examination must include theoretical content with regards to  

• Coding (e.g. writing an algorithm, correcting/debugging or evaluating a coding algorithm/solution, 
explaining what code does, interpreting/creating patterns, etc.) 

• Robotics (e.g. What a robot is, types of robots, impact of robots, etc.) 
• Digital concepts 

The forms of assessment used should be age and developmental level appropriate. The design of these tasks 
should cover the content of the subject and include a variety of tasks designed to achieve the objectives of the 
subject. 

4.2 PROBLEM-BASED LEARNING 
Assessment in Coding and Robotics can be done assessing the learner in action, for example, watching the 
learner solving the problem without stopping the moment. This can be done using the following strategies:

4.2.1 Individual Problem-based Learning (coding) 

Problem solving is the process of designing, evaluating, and implementing a strategy to answer question, 
complete a task or achieve a desired goal.

4.2.1.1 Types of problems 
In terms of coding, typically, problems could require learners to 
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• provide missing code instructions (code instructions are provided with some instructions or code 
elements missing / to be completed or 

• choose the correct solution from 2-3 options or 
• work through (trace) / act out code to determine if it is correct and correct if required or 
• rewrite a set of coding instructions to be more efficient or 
• compare different solutions to evaluate efficiency or 
• translate verbal/written instructions to code (e.g. packing arrows) 
• develop the solution/algorithm (code instructions) themselves using computational thinking and 

following problem-solving process. 

The above will depend on the competency the learner needs to demonstrate. Coding problems need to 
gradually increase in terms of complexity. 

4.2.1.2 Assessing problem-based learning (coding) 
The learner is assigned a problem he/she must solve and in doing so 

• needs to understand the problem.  
• analyses the problem (what is given and what is needed / what is important and what can be ignored - 

abstraction). 
• identifies the main steps (abstraction / high level solution). 
• identifies the detailed steps (decomposition / breaking down the main steps). 
• Identifies patterns to determine the need for using coding structures such as repetition. 
• implements and tests the solution (algorithm). 
• debugs the solution if required. 

Refer to Annexure A for rubric example to assess problem solving. 

4.2.2 Cooperative Learning 

Instead of encouraging learners to compete for grades or achievement, cooperative learning asks them to work 
together and participate in group learning activities (small groups, e.g. 4 learners), under the guidance of a 
teacher. 

Assessing cooperative learning in Senior Phase Coding and Robotics 

Example rubric to assess cooperative learning activity: Defining a robot and its different parts. 

Refer to Section 2.6.2.1 for example cooperative learning activity. 

Refer to Annexure A for rubric example to assess cooperative learning. 

4.2.3 Pair Programming 

Assessing pair programming in Senior Phase Coding and Robotics 

Example rubric to assess cooperative learning activity:  

Identifying, completing and creating patterns. 

Refer to Section 2.6.2.2 for example pair programming learning activity. 

Refer to Annexure A for rubric example to assess pair programming. 

4.3 RECORDING AND REPORTING 
Recording is a process in which the teacher documents the level of a learner’s performance in a specific 
assessment task. It indicates learner progress towards the achievement of the knowledge as prescribed in the 
Curriculum and Assessment Policy Statements. Records of learner performance should provide evidence of the 
learner’s conceptual progression within a grade and her / his readiness to progress or being promoted to the 
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Assessing pair programming in Senior Phase Coding and Robotics 

Example rubric to assess cooperative learning activity:  

Identifying, completing and creating patterns. 

Refer to Section 2.6.2.2 for example pair programming learning activity. 

Refer to Annexure A for rubric example to assess pair programming. 

4.3 RECORDING AND REPORTING 
Recording is a process in which the teacher documents the level of a learner’s performance in a specific 
assessment task. It indicates learner progress towards the achievement of the knowledge as prescribed in the 
Curriculum and Assessment Policy Statements. Records of learner performance should provide evidence of the 
learner’s conceptual progression within a grade and her / his readiness to progress or being promoted to the 

next grade. Records of learner performance should also be used to verify the progress made by teachers and 
learners in the teaching and learning process.  

Reporting is a process of communicating learner performance to learners, parents, schools, and other 
stakeholders. Learner performance can be reported in several ways. These include report cards, parents’ 
meetings, school visitation days, parent-teacher conferences, phone calls, letters, class or school newsletters, 
etc. Teachers in all grades report in percentages against the subject. The various achievement levels and their 
corresponding percentage bands are as shown in the Table below.  

 

4.4 GENERAL 
This document should be read in conjunction with:  

• National policy pertaining to the programme and promotion requirements of national Curriculum statement 
Grades R-12; and  

• The policy document, National Protocol for Assessment Grades R-12 
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The following tables provide clarity on terminology used in the Coding and Robotics CAPS 

Term/Concept Explanation 
Algorithm An algorithm is a set of logical instructions/commands that a human or computer can execute to 

solve a specific problem or accomplish a particular task. 
It is a computational process that uses a finite number of steps (logical instructions or commands), 
carried out in a specific sequence to solve a problem. 

Coding Coding is the process of writing instructions that a computer can understand and execute These 
instructions are written in a programming language, which is a set of rules that define how the 
instructions should be written.  
The purpose of coding is to create software programs that can perform specific tasks, such as 
running a website, playing a video game, or analysing data. 

Computation In computing, computation refers to any type of arithmetic or non-arithmetic calculation that is 
well-defined. It can involve mathematical equations, computer algorithms, and other types of 
calculations. 

Computational Thinking It refers to a problem-solving approach that involves breaking down complex problems into smaller, 
more manageable parts and using algorithms and logical reasoning to solve them.  
It involves skills such as abstraction, decomposition, pattern recognition, and algorithmic thinking. 
It is a way of thinking that is used in computer science, but it can also be applied to other fields.  
In education, computational thinking is used to teach learners how to think logically and solve 
problems systematically. 

Conditional (choice/ 
decision) statement 

A control structure that selects one alternative from two or more possible execution sequences to 
be executed 

Control statement A control structure that is used to modify the order in which instructions are executed such as a 
loop or conditional statement 

Event A signal or notification that something has happened. 
Expression Refers to a combination of one or more values, operators that can be evaluated to produce a 

result. 
Input In computing, input refers to the data that is entered into a computer system, such as text, images, 

or sound, 
IPO table Input-Processing-Output table describes the inputs processing and outputs of program. 
Loop statement A control structure that allows a sequence of instructions to be continually repeated until a certain 

condition is reached 
Operator Operators are symbols or keywords that represent computations or actions performed on 

operands. Operators include: 
Arithmetic operators (+, -, x, /, modulo), comparison operators (=, >, <, ≤, ≥, ≠),  
Boolean operators OR, AND, NOT, string operators for manipulating strings/text (length, 
concatenate, indexing) 
Operators provide the building blocks for creating expressions and performing operations 

Output In computing, output refers to the result of the processed data that is presented to the user in a 
usable format. This can be in the form of text, sound, image, or video. 

Processing In computing, processing refers to the operations performed by the computer to manipulate or 
analyse the input data. 

Program A program is a sequence of instructions that a computer can execute to perform a specific task.  
Trace table  In programming, a trace table is a technique used to test an algorithm and predict step by step how 

the computer will run the algorithm. 
Statements are executed step by step, and the values of variables change as an assignment 
statement is executed. 
A trace table simulates the flow of execution by showing the values of variables at each step of the 
algorithm. 
Trace tables are typically used by novice programmers to understand how an algorithm works and 
to identify errors in the algorithm 2 

Variable In programming, a variable is a named storage location that holds a value or data. 
Variables are essential for storing and manipulating data in computer programs. The values in 
variables can change during the execution of a program. 
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Statements are executed step by step, and the values of variables change as an assignment 
statement is executed. 
A trace table simulates the flow of execution by showing the values of variables at each step of the 
algorithm. 
Trace tables are typically used by novice programmers to understand how an algorithm works and 
to identify errors in the algorithm 2 

Variable In programming, a variable is a named storage location that holds a value or data. 
Variables are essential for storing and manipulating data in computer programs. The values in 
variables can change during the execution of a program. 

Term/Concept Explanation 
Actuator Refers to a device that converts energy into physical motion, such as rotation or translation. 

Actuators are often called the muscles of robots, as they enable robots to perform various tasks 
and interact with the environment 

Binary Code Refers to a system of representing data using only two symbols, typically 0 and 1.  
It is the foundation of digital technology and is used in computers and other digital devices to store, 
process, and transmit data and information. 

Boolean Logic Refers to is a branch of mathematics and logic that deals with the values of true and false, usually 
denoted by 1 and 0. Boolean logic uses operators such as AND, OR, and NOT to combine and 
manipulate these values, and to create expressions that represent logical conditions. 

Capacitor Refers to a type of electronic component that can store electric charge or energy when voltage is 
applied across it. 

Controller Refers to a device that commands, directs, and regulates the behaviour of a robotic system. It 
takes input signals from the robot’s sensors, processes them based on programmed instructions, 
and then sends output signals to the robot’s actuators to perform the desired actions. 

Logic Gates Refers to devices that perform logical operations on one or more binary inputs and produce a 
single binary output. They are the basic building blocks of digital circuits and systems, such as 
computers, calculators, and phones. 

Microcontroller Refer to a type of small computer that can control the functions and behaviour of a robotic system. 
It generally consists of a processor, memory, input/output ports and other peripherals that can be 
programmed to perform specific tasks. 
It can receive data from sensors, process it according to the programmed instructions and send 
commands to actuators. 

Robot A robot is a machine that can perform a series of actions automatically, either by being 
programmed by a computer or by being guided by an external control device. 

Sensor Refers to a device that can measure or detect some physical property of the environment or the 
robot itself and convert it into an electrical signal. Examples include light sensor, touch sensor, 
sound sensor, etc. 

Servo Refers to a type of motor that can rotate or move to a specific position, angle, or speed with high 
accuracy and precision.  

Term/Concept Explanation 
Cipher A cipher, also known as an encryption algorithm, is a set of well-defined rules used to transform 

information into a scrambled form, called ciphertext. 
It is used to encrypt messages so that they can only be read by someone who knows how to 
decrypt them.  

Cloud Refers to the use of remote servers over the internet to store, process, and access data and 
applications. 

Cloud Computing Refers to the on-demand availability of computing resources, such as storage, infrastructure, 
software, and data, over the internet. 

Computing device A general-purpose machine that can execute instructions for any data processing purpose. 
A computing device can receive input, do something with the input and provide a result or output. 

Cybercrime It refers to any illegal activity that involves or uses a computer, a computer network, or a networked 
device. Cybercrime can target individuals, corporations, or governments, and can cause various 
types of harm, such as financial loss, identity theft, privacy violation, or data damage. 

Data Raw, unprocessed facts and figures. 
Decode Reconstructing the original (encoded) information. It involves taking an encoded representation 

and converting it back into its original form 
Decrypt The reverse process of encryption, taking ciphertext and using the appropriate key to convert it 

back into its original, readable plaintext form. 
Digital Citizen A person who uses the Internet and other digital technology to communicate with other and engage 

in society. 
Digital Citizenship The ability to participate in online society. 
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It includes concepts like respecting others' privacy, avoiding cyberbullying, netiquette, digital health 
and welfare, ability to assess the credibility and reliability of online information, intellectual property, 
impact and responsibility of online actions and deeds. 

Digital Footprint The trail of traceable digital activities, actions, contributions, and communications one leaves 
behind when using the Internet or digital devices. 

Encode Converting information into a specific format (transforming data or messages into another format) 
Encrypt The process of transforming readable data (plaintext) into an unreadable, scrambled form 

(ciphertext) using a cryptographic algorithm (cipher) and a secret key. 
Hardware The physical building blocks of a computing device or the tangible parts you can see and touch. It 

includes: 
• Central Processing Unit (CPU): the component responsible for executing instructions. 
• Random Access Memory (RAM): Component for temporary storage of programs and 

data the computing device is currently working with. 
• Storage devices: E.g. hard drives, solid-state drives (SSDs), for permanent data 

storage. 
• Input devices such as keyboard, mouse, screen, microphone mouse, used to interact 

with the computer. 
• Output devices such as screen, speakers, printer, etc., used to display and output 

information. 
Information Data that has been processed and organised to convey meaning. 
Information and 
Communications 
Technology (ICT) 

ICT is the use of computing and telecommunication technologies, systems, and tools to facilitate 
the way information is created, collected, processed, transmitted, accessed and stored  

Information Technology (IT) IT refers to the use of computer systems to manage, process, protect, and exchange data and 
information.  

Input In computing, input refers to the data that is entered into a computer system, such as text, images, 
or sound. 

Internet Refers to a global network of interconnected computers and other devices that use standardised 
communication protocols to exchange data and information.  
It allows billions of users worldwide to access and share a vast array of resources, including 
websites, documents, images, videos, and more. 

Internet of Things (IoT) It is the term for the network of physical devices, such as sensors, cameras, machines, and 
appliances, that can collect and share data over the internet or other communication networks.  
IoT devices can be controlled remotely, monitored in real time, and programmed to perform various 
tasks.  
IoT can be used for many purposes, such as smart homes, smart agriculture, smart healthcare, 
smart manufacturing, and smart transportation. 

Output In computing, output refers to the result of the processed data that is presented to the user in a 
usable format. 
This can be in the form of text, sound, image, or video. 

Personal information In computing, personal information or personal data is any information that can identify a 
person, from one’s name and address to one’s device identifier and account number. 

Processing In computing, processing refers to the operations performed by the computer to manipulate or 
analyse the input data.  
This includes executing software applications, performing calculations, sorting and filtering data, 
and running programs. 

Software The intangible programs and applications (instructions) that give life to the physical components. 
Examples include: 

• Operating System (OS) that manages the hardware resources and provides a platform 
for running other programs. (e.g., Windows, macOS, Linux) 

• Application software: Specific programs designed for performing tasks like word 
processing, image editing, games, etc. 

• Programming languages used to create new software by writing instructions the 
computer can understand. 

Technology Encompasses any tool, technique, or process used to solve problems and manipulate our 
environment. 
Technology is designed with a purpose of solving problems that meet human needs and wants. It 
refers to tools, machines, or devices that make our lives easier or better. 

World Wide Web (WWW) Refers to an information system that enables content sharing over the Internet through user-
friendly ways. It allows documents and other web resources to be accessed over the Internet 
according to specific rules  
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• Random Access Memory (RAM): Component for temporary storage of programs and 

data the computing device is currently working with. 
• Storage devices: E.g. hard drives, solid-state drives (SSDs), for permanent data 

storage. 
• Input devices such as keyboard, mouse, screen, microphone mouse, used to interact 

with the computer. 
• Output devices such as screen, speakers, printer, etc., used to display and output 

information. 
Information Data that has been processed and organised to convey meaning. 
Information and 
Communications 
Technology (ICT) 

ICT is the use of computing and telecommunication technologies, systems, and tools to facilitate 
the way information is created, collected, processed, transmitted, accessed and stored  

Information Technology (IT) IT refers to the use of computer systems to manage, process, protect, and exchange data and 
information.  

Input In computing, input refers to the data that is entered into a computer system, such as text, images, 
or sound. 

Internet Refers to a global network of interconnected computers and other devices that use standardised 
communication protocols to exchange data and information.  
It allows billions of users worldwide to access and share a vast array of resources, including 
websites, documents, images, videos, and more. 

Internet of Things (IoT) It is the term for the network of physical devices, such as sensors, cameras, machines, and 
appliances, that can collect and share data over the internet or other communication networks.  
IoT devices can be controlled remotely, monitored in real time, and programmed to perform various 
tasks.  
IoT can be used for many purposes, such as smart homes, smart agriculture, smart healthcare, 
smart manufacturing, and smart transportation. 

Output In computing, output refers to the result of the processed data that is presented to the user in a 
usable format. 
This can be in the form of text, sound, image, or video. 

Personal information In computing, personal information or personal data is any information that can identify a 
person, from one’s name and address to one’s device identifier and account number. 

Processing In computing, processing refers to the operations performed by the computer to manipulate or 
analyse the input data.  
This includes executing software applications, performing calculations, sorting and filtering data, 
and running programs. 

Software The intangible programs and applications (instructions) that give life to the physical components. 
Examples include: 

• Operating System (OS) that manages the hardware resources and provides a platform 
for running other programs. (e.g., Windows, macOS, Linux) 

• Application software: Specific programs designed for performing tasks like word 
processing, image editing, games, etc. 

• Programming languages used to create new software by writing instructions the 
computer can understand. 

Technology Encompasses any tool, technique, or process used to solve problems and manipulate our 
environment. 
Technology is designed with a purpose of solving problems that meet human needs and wants. It 
refers to tools, machines, or devices that make our lives easier or better. 

World Wide Web (WWW) Refers to an information system that enables content sharing over the Internet through user-
friendly ways. It allows documents and other web resources to be accessed over the Internet 
according to specific rules  

Example rubric to assess cooperative learning activity: Defining a robot and its different parts  
(See section 2.6.1). 

 Learner name #Definition of robot #Flashcards used 
well. 

#Drawing 
illustrates robot  

*Learner fulfilled 
role well  

1.      
2.      
3.      
4.      

 
#Replace with suitable criteria depending on the task/problem 
*Will remain the same irrespective of task/problem 
 
Note:  
Although all learners in the group get the same mark for the first three criteria, each learner gets an individual mark for the “Learner 
fulfilled role well” – this is based on how well each learner contributed based on their set role.  

The teacher can give mark these while learners are completing the activity and hence it should not require much extra time. 

Each of the aspects listed in the table above, could be assessed using the following example: 

Aspect assessed Beginning (1) 

 

Developing (2) 

 

Accomplished (3) 

 

Exemplary (4) 

 

Definition of 
concept, e.g. robot 

Key information is missing 
(e.g. no parts included) and 
the definition is unclear and 
difficult to follow 

Some key information is 
included, and the definition 
is fairly clear and easy to 
follow but may be 
incomplete not well 
organised. 

Most of the key information 
is included (e.g. most of the 
parts) and it is mostly well-
organised and easy to follow 

The learner demonstrates 
full understanding in that the 
definition is well-organised, 
complete, and easy to 
follow. 

Flashcard utilised 
well 

Flashcards are not used 
effectively 

Some attempt is made to 
use the flashcard to explain 
the concept, but it lacks 
detail and key information 

Flashcards are used 
appropriately to explain the 
concept and includes most 
of the key information 

Flashcards used 
effectively/innovatively to 
support a complete 
explanation of the concept 
and all key information 

Drawing illustrates 
concept, e.g. robot 

Drawing attempts to convey 
the concept, but the drawing 
is incomplete and/or difficult 
to interpret  

Drawing includes some 
relevant details that may not 
all be accurate and conveys 
the concept but lack detail  

Drawing includes most of 
the relevant and accurate 
details that appropriately 
convey the concept 

drawing includes rich, and 
accurate details that 
effectively convey the 
concept. 

Learner fulfilled 
role well 

 

Learner does not 
understand his/her role and 
makes no contribution or 
unrelated contributions 

Shares ideas or tries to fulfil 
her/his role, but does not 
work with group and most of 
the contributions are 
unrelated 

Tries to understand his/her 
role and mostly makes 
relevant contributions. Can 
work on her/his part and 
take part in the group 

Generates ideas and builds 
upon other’s ideas to 
develop a larger plan. 
Works independently to do 
his/her part and is invested 
in the other group members 
(e.g. helps when needed, 
cares about the group 
product) 
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Example rubric to assess pair programming activity: Identifying, completing and creating patterns. 

 Learner name #Concept1 #Concept2 #Concept2 *Learner fulfilled 
role well  

1.      
2.      

 
#Replace with suitable criteria depending on the task/problem 
*Will remain the same irrespective of task/problem 
Note:  

Although both learners get the same mark for the first three criteria, each learner gets an individual mark for the “Learner fulfilled role 
well” – this is based on how well each learner contributed based on their set role.  

The teacher can assign certain marks while learners are completing the activity and hence it should not require much extra time. 

Each of the aspects listed in the table above, must be assessed using a rubric: 

A process that emphasizes creativity, experimentation, and iteration to arrive at the best solution that meets user needs. 

Competencies Beginning (1) 

 

Developing (2) 

 

Accomplished (3) 

 

Exemplary (4) 

 
Inspiration: 
Learner applies 
creative thinking to 
create a product or 
complete a task

• Demonstrates limited 
creative thinking and 
understanding of the 
problem or task 

• Applies creative thinking 
to understand the 
problem or task and 
identifies some 
opportunities for 
innovation 

• Applies creative thinking 
effectively to gain a 
deeper understanding of 
the problem or task and 
identifies significant 
opportunities for 
innovation. 

• Demonstrates 
exceptional creative 
thinking and in-depth 
understanding of the 
problem or task, 
uncovering unique 
insights and 
opportunities for 
innovation 

Ideation: 
Learner can create 
own ideas to create 
a product or 
completing a task. 

• Unsure about what is 
expected so any idea is 
scattered or unfocused 
and ideas do not clearly 
connect to the problem 
or task. 

• Generally, mimics ideas 
from others (rather than 
creating new ideas) that 
are related to the 
problem or task. 

• Creates new ideas that 
include enough detail 
and that are directly 
related to the problem or 
task. 

• Creates many clear 
ideas by considering lots 
of possibilities that 
focuses on key 
information and fully 
addresses the problem 
or task 

Implementation: 
Learner can use best 
ideas to create a 
product or complete 
a task. 

• Creates a product or 
performance, but the 
product has limited 
functionality or detail and 
does not clearly address 
the problem, or the 
product is not useful. 

• Creates a product or 
performance with some 
functionality that is 
somehow related to the 
challenge or problem.  

• Uses ideas to create a 
product or performance 
with good functionality 
that is directly related to 
the problem or task. 

• Creates clear ideas to 
create a product or 
performance with 
precision and full 
functionality and that 
fully addresses the 
problem or task. 

Testing & Improving • Provides minimal or no 
feedback and does not 
reflect on the quality to 
consider improvements 
or iterations 

• Collects some feedback 
and reflects somewhat 
on the quality for 
considering minor 
improvements or 
iterations 

• Collects thorough 
feedback, reflects 
accurately on the quality 
to inform improvements, 
and iterates on the 
solution 

• Collects extensive 
feedback, conducts 
rigorous testing, and 
iterates on the design or 
solution based on 
feedback, leading to 
transformative 
improvements. 

Note: All rubrics serve as examples only and may be adapted
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Example rubric to assess pair programming activity: Identifying, completing and creating patterns. 
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The teacher can assign certain marks while learners are completing the activity and hence it should not require much extra time. 

Each of the aspects listed in the table above, must be assessed using a rubric: 

A process that emphasizes creativity, experimentation, and iteration to arrive at the best solution that meets user needs. 
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Developing (2) 

 

Accomplished (3) 

 

Exemplary (4) 
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Learner applies 
creative thinking to 
create a product or 
complete a task

• Demonstrates limited 
creative thinking and 
understanding of the 
problem or task 

• Applies creative thinking 
to understand the 
problem or task and 
identifies some 
opportunities for 
innovation 

• Applies creative thinking 
effectively to gain a 
deeper understanding of 
the problem or task and 
identifies significant 
opportunities for 
innovation. 
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thinking and in-depth 
understanding of the 
problem or task, 
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opportunities for 
innovation 

Ideation: 
Learner can create 
own ideas to create 
a product or 
completing a task. 

• Unsure about what is 
expected so any idea is 
scattered or unfocused 
and ideas do not clearly 
connect to the problem 
or task. 

• Generally, mimics ideas 
from others (rather than 
creating new ideas) that 
are related to the 
problem or task. 

• Creates new ideas that 
include enough detail 
and that are directly 
related to the problem or 
task. 

• Creates many clear 
ideas by considering lots 
of possibilities that 
focuses on key 
information and fully 
addresses the problem 
or task 

Implementation: 
Learner can use best 
ideas to create a 
product or complete 
a task. 

• Creates a product or 
performance, but the 
product has limited 
functionality or detail and 
does not clearly address 
the problem, or the 
product is not useful. 

• Creates a product or 
performance with some 
functionality that is 
somehow related to the 
challenge or problem.  

• Uses ideas to create a 
product or performance 
with good functionality 
that is directly related to 
the problem or task. 

• Creates clear ideas to 
create a product or 
performance with 
precision and full 
functionality and that 
fully addresses the 
problem or task. 

Testing & Improving • Provides minimal or no 
feedback and does not 
reflect on the quality to 
consider improvements 
or iterations 

• Collects some feedback 
and reflects somewhat 
on the quality for 
considering minor 
improvements or 
iterations 

• Collects thorough 
feedback, reflects 
accurately on the quality 
to inform improvements, 
and iterates on the 
solution 

• Collects extensive 
feedback, conducts 
rigorous testing, and 
iterates on the design or 
solution based on 
feedback, leading to 
transformative 
improvements. 

Note: All rubrics serve as examples only and may be adapted

The KWLS chart is a learning strategy that helps learners engage with a topic in a structured and reflective 
manner. The chart helps learners organize their thoughts and track their progress as they explore a particular 
topic or concept. 

The KWLS chart is a valuable tool for learners of all ages and levels of education. It promotes active 
engagement with the learning material, fosters critical thinking and inquiry, and supports metacognitive skills 
development. By using the KWLS chart, learners become more self-directed and aware of their learning 
process, leading to a more enriched and effective learning experience. 

 - What I Know: In this section, learners write down what they already know about the topic. This step 
helps them activate their prior knowledge and make connections with the new information they are 
about to encounter. Identifying what they already know also helps learners build a foundation for further 

learning and enables them to understand how the new information fits into their existing knowledge framework. 

 - What I Want to Know: In this part, learners jot down questions or areas of interest they have 
about the topic. These are the aspects they hope to learn more about or understand better as they 
engage with the subject matter. This step encourages curiosity and sets the stage for active 

exploration. By noting down their questions, learners become more focused and motivated to seek answers and 
engage with the learning materials more critically. 

 - What I Have Learned: As learners progress through their learning journey, they record the new 
information, insights, and understanding gained about the topic. This section allows learners to 
summarise and consolidate their learning experiences. It reinforces the concepts they have grasped and 

helps them reflect on the new knowledge acquired. Reflecting on what has been learned enhances 
comprehension and retention of the material. 

 - What I Still Want to Learn: In the last section, learners identify any remaining questions, 
uncertainties, or areas they would like to explore further. Even after learning a considerable amount 
about the topic, learners may realize that certain aspects still require clarification or deeper investigation. 

This step encourages a growth mindset, as learners recognize that learning is an ongoing process, and there is 
always more to discover.  

• • • •

K 
W 
L 
S 
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A concept map is a diagram that shows the relationships between different ideas. This helps you understand 
how they are connected. Every concept map — whether it is simple or complex — is made up of two key 
elements: 

• Concepts: These are typically represented by circles, ovals, or boxes and are called “nodes.” 
• Relationships: These are represented by arrows that connect the concepts, and the arrows often 

include a connecting word or verb (but they do not have to). These arrows are called “cross-links.” 

Example of a simple high-level concept map for understanding computing devices 

Other resources to be considered:   

https://www.teachwithict.com/   
http://code-it.co.uk/gold/  
https://sites.google.com/gshare.blackgold.ca/blackgoldmicrobit/microbit  [Microcontroller resource] 
https://www.instructables.com/ 
https://www.101computing.net/bbc-microbit-counter-using-a-7-segment-display/  
https://www.robotique.tech/type/microbit/  
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