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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:

(@) 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.

ereeiqete

MRS ANGIE MOTSHEKGA, MP

MINISTER OF BASIC EDUCATION

I 2 CURRICULUM AND ASSESSMENT POLICY STATEMENT



CONTENTS

1 Section 1 Introduction to the Curriculum and Assessment Policy Statement for Coding and Robotics

FOURESIoN Phase: tGIade IR ) o ians ot tonr s et it o St e B0 oy b e B e o BRI i i o
1.1 = 7= Lo (o [ o 11 o [ o
12 R TN O ore it i i i 2 i D et A S A 8 Sl e s SR 0 8 i S it A B o
1.3 General aims of the South African CUurriCUlUM ... .o e e e e e e e e e 6
1.1 T N N e e o e e i e S R s S 7

2  Section 2: Definition, AIMS, SKills @and Content. .. ... e ea e 9
2.1 J L N e e e e e e B S R s S 9
22 What is Coding and RODOLICS ... et e e e e e e e e e e sneean s aassaebeennsansannnnns 10
2.3 SDECHNG:- RIS s s a st i s i et o st B e S S s A e LG e St e T L e 10
2.4 e I IS . . . oo i ot 85 S 8 0 e M a m B o 8 w30 Bt e £ 41 mE m i 11
2.5 High-Level Competencies — Coding and RODOLICS...........oo et e m e e e 15
2.5 Coding and Robotics Concepts, Practices and Perspectives ... 13
2.7 Approach to Teaching Coding and RODOLICS ... e e e eans 14
2.8 Synergising Coding and Robotics in Foundation Phase ... 19
29 L (=R L (e Tor= 1 d (o] o LSS 20
2.10 Resources Required to offer Coding and Robotics in Foundation Phase.............oooommmieiiiiieaee. 21
2.11  Overview of Foundation Phase Coding and RoOboOtICS ... 25
2 FOCUS OF COMERL TGS, o s it b i i 8 e e e b e e B i St s A 26
P B B el o VT T = [ T T o T 32
2.1 Caleel DDDOTIUNIIES i st s e e e e e e S R L S S 32
2.15 Progression and Exit Skills Per Grade of FOCUS Ar@as ..........ooo i o

3  Section 3 Content Specific Clarification per Grade per Term. ... ... e 21
3.1 B Dl TR oo i oo o i s e 818 1 e i 5 e e 4510 5 i B S} 3 410 T i B S E }SmESi 0 18£ i e B 22
% s Giade | e e s s el ol e e G R e L S e LR e e B A e e 67
6 B o S s g S L SO SRS 83
3.4 €] = T =G TS 102

4. SECHON T ASSEEEINIBIIL . oo sin e ot b s s R o S i AR A i S B o S 0 i e
4.1 (oo 11T (T o S 121
4.2 ASEEEEINIEENE +. ot te s miime i i b ek e B A e e e A S A i s S At 0 it s 121
4.3 Problem-based Learming ... e et e et et e e e aa s ea e a s an s aansanenasbsennsanesnnanenn 121
4.4 RECOTTING AN OO R ecs s tene pt et e St e b 22 St o ot st S S i 6 e S S e Soitis duniuons 122
4.5 € 1] o (=] = | PSR S S SREPTRN 123
AIEXEe B — TN N o et i i vt i e i S o e ) 8,5 i £ S P e v o 8 St s 2 S e 124
A1 @7 T 15 [o F SRS 125
A.2 R O S ettt e o S e e B e B S e A A i S 125
A3 T [ e L O o g Lo T o S 125
ANNERENE B-—EXaiNple RUDNES = v s s s e sep s s iiie i i s s pe s s St i i s i e 127
B el o] (=T g i=To AV o To I (@ o T 11T ) 127
B.2 LOopERIVe LeaINING s s s e i e e e S e R SR s e S e f 128
B.3 Pair Programming /Completing @ Task IN Pairs...... ..o ee e e e e meeen 129
B.4 Communication / Discussion (Digital ConCePls) .. ..o e e een 129

CODING AND ROBOTICS 3 I



B:5 eSS T I o e s et e e e S e S R L S A S e L B B i 130

Annexure C — Possible AddItional ReSOUICES .......... .o e e e e e e e e e e e enns 131
TABLES AND FIGURES
Tables
Table 2.1: Time allocation for Foundation Phase Coding and RobotiCs ... 20
Table 2.2: Coding CONtENt fOCUS .. ...t e e e e e e e e e e e e e e e e e s emesmnenn 26
Table 2.3: RODOLCS CONTENE fOCUS ... ettt e e e e e e e e e e e e ennemeamnean 28
Table 2.4: Digital Concepts CONTENE FOCUS ... ... e et e e e ea e e et s aasennsan s ensaneanennsnnens 30
Table A5 Coding - Clanfication of ConCepts and 1eIMNS ... e e ssmesein em s ema e snnm sem e 124
Table A.6 Robotics - Clanfication of ConCepls and 1eImS. ..o it iioiioosion s doesaoesbnn cmn s mn s s smememn s 125
Table A.7 Digital Concepts - Clarification of concepts and terms ... e 125
Figures
Figure 2.1 Coding and robotics as a STEAM diSCIPIING ... e e e e e e e e 9
Figure 2.2: Coding and Robotics as a multi-disciplinary subject..........coo e 9
Figure 2.3: Overview of Coding and Robotics as a SUDJeCT ... e 10
Figure 24 Compitatonal TR PRS- s or e o o s B 2 R S R B S e 11
Figure 2 5: Design Thinking and Problem Solving ProCeSS ... e eee e 12
Figure 2.6 High-level Curriculum ComPetenCI@s .. ... .. e et e e e e e e aae e s e anesnsean s ansnannnnns 13
Figure2.7 Coding Concepts, Practices and Perspectives ........ .ot eeaes 13
Figure 2.8 Robotics Concepls, Praclices and PerspectiVes. ..ot ctiiiii i i me i so s ims s i i aoet ames 14
Figure 2.9 Programming resources for Coding and Robotics Coding Resources .........o.oovieiiieieii e 21
Figure 2.10 Overview of Foundation Phase Coding and RobotiCS ... 20

I = CURRICULUM AND ASSESSMENT POLICY STATEMENT



1 SECTION 1
INTRODUCTION TO THE CURRICULUM AND ASSESSMENT
PoLICY STATEMENT FOR CODING AND ROBOTICS FOUNDATION
PHASE (GRADE R — 3)

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;
(i) The policy document, National policy pertaining to the programme and promotion requirements
of the National Curriculum Statement Grades R — 12; and
(i) 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 Gazefte No. 23406 of 31
May 2002, and

(i) 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:

(1) The Learning Area/Subject Statements, Learning Programme Guidelines and Subject
Assessment Guidelines for Grades R - 9 and Grades 10 — 12;

(i) 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;

(i) 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. |t 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

e 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.

e 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.

e 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.

e 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.

e |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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1.1  TIME ALLOCATION

1.1.1 Foundation Phase

(@) The instructional time in the Foundation Phase is as follows:

Subject Grade R Grades 1-2 Grade 3
(Hours) (Hours) (Hours)
Home Language 10 718 718
First Additional Language 2/3 3/4
Mathematics 7 [4 4
Life Skills 5 5 5
e Beginning Knowledge (1) (1) (1,5)
e Creative Arts (1,9) (1,5) (1,9)
e Physical Education (1,9) (1,9) (1)
e Personal and Social Well-being (1) (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.

1.1.2 Intermediate Phase

The instructional time in the Intermediate Phase is as follows:

1.1.3 Senior Phase

(a) The instructional time in the Senior Phase is as follows:

Subject Hours
Home Language 6
First Additional Language D
Mathematics 6
Natural Sciences “a
Social Sciences o
Life Skills 3
e Creative Arts (1)
e Physical Education (1)
e Personal and Social Well-being (1)
Coding and Robotics 2
Total 27,5

* Schools/Learners can follow Option 1 (MST Stream) or Option 2 (Business Stream)

Subject Choice: Option 1 Subject Choice: Option 2 Hours
Home Language Home Language o)
First Additional Language First Additional Language 4
Mathematics Mathematics 45
Natural Science Natural Science s,
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

CAPS



1.1.4 Grades 10-12

(@) The instructional time in Grades 10-12 is as follows:

Subject Time allocation per week (hours)
|. Home Language 4.5
Il. First Additional Language 4.5
lll. Mathematics 4.5
IV. Life Orientation -
V. A minimum of any three subjects selected from Group 12 (3x4h)

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.

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.

I 8 CURRICULUM AND ASSESSMENT POLICY STATEMENT



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).

#ﬂﬂ

Science Engineering Maths

Coding & Robotics
U G .

Figure 2.1 Coding and robotics as a STEAM discipline

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

Computer
Science

Figure 2.2: Coding and Robotics as a multi-disciplinary subject
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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 robots 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 and Robotics

Communication Collaboration Creativity Perseverance

Coding +R0b0tics Digital

-oncepts

Decomposition - A
“ Inspiration Digital Citizenship

Abstraction Digital Awareness

Implerentatmn Digital Skills

Algorithm Design “ “
L

Debugging
. s * * .0 N,
= -l
g

sa.
Design Thinking

Logical and Critical Thinking

Computational Thinking

Figure 2.3: Overview of Coding and Robotics as a Subject

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 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:
e develop computational thinking skills to solve problems.
e advance design thinking to develop creative and human-centred approaches to solve problems.
e become part of a generation of creative, innovative systems thinkers that can use coding, robotics, and
digital competencies to express their ideas.
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o foster creativity, critical thinking, collaboration, communication, and innovation.

o function ethically and effectively in a digital and information-driven world.

o develop a critical awareness of how technologies impact society at large.

o Instil self-efficacy and confidence to deal with situations requiring computational thinking, design

thinking and problem solving.

o prepare for future careers in STEAM related fields.

o 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.

Abstraction

\E
[]

Focusing on the
relevant and important
information and
ignoring unrelated and
irrelevant things.
Helps you to get to the
heart of the problem
and to find general
principles that create
patterns

Pattern Recognition Algorithm

Solving a complex
problem by breaking it
into small, manageable
parts where each part
IS more
straightforward and
easier to solve

ldentifying similarities
and differences.

It helps you to make
connections between
similar problems and

experiences.
Recognising the same
patterns in other
problems helps you in
solving a new problem

Figure 2.4: Computational Thinking Pillars

Defining a precise
sequence of steps or
instructions to perform
a task.

An algorithm is a set of
rules or instructions
that anyone can follow
to perform a task or
solve a problem

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.

2.4.2 Design Thinking

In education, design thinking (DT) refers to a human-centred approach that encourages creativity and

iInnovation when generating user-focused products, services, or experiences. DT is often expressed as an

activity that involves the three Is processes, namely:

CAPS



= |nspiration: 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.
= |deation: 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.

= |deate: 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.

Empathize

Ideation

Prototype |deate

Figure 2 5: Design Thinking and Problem-Solving Process
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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 with
each, at the final stage of curriculum cognition wherein the learner demonstrates competence and proficiency at
the appropriate level.

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

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

C.3 = Interpret and execute a given symbolic or written set of commands

C.4 — Debug a given symbolic or written set of instructions.

C.5 — Evaluate a given solution towards potential improvement.

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

C.7 = Create or complete a pattern to represent a particular data set.

Coding

R.1 — Explain what a robot is in simple terms.

R.2 — Identify different types of robots.

R.3 — Outline the different components of a robot

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

R.5 — Design a simple product (artefact) based on a set of design specifications.
R.6 — Mimic the operations of a robot.

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

Coding and

Robotics Robotics

D.1 — Outline the concept of technology and purpose of information technology (IT).

D.2 — Recognise that he or she is living as citizens in a digital world.
D.3 — Demonstrate an understanding of the concept of a computing device. s
D.4 — Identify the common uses of ICT in the real world. ' -

Digital concepts

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

D.6 — Explain how the adaption of technology impacted the world we work and live in.
D.7 — Present a basic understanding of the concept of input processing and output.

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

D.9 — Create a pattern to represent or communicate a message or image.
D.10 — Demonstrate a basic proficiency in the application of digital skills.”

Figure 2.6 High-level Curriculum Competencies

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:

Con ts ‘ Practices \ Perspectives

* Algorithm » Abstraction « Expressing and Creating
« Sequence * Decomposition * Questioning

* Loop (lteration) « Pattern Recognition « Connecting

« Conditional (Decisions) » Generalisation * Collaboration

* Operator * Algorithm Design * Perseverance

* Logic * Incremental Development * Choice of Conduct
« Data * Testing and Debugging

« Event « Evaluation

* Debug * Modularise

* Representation * Logical thinking

 Parallelism * Creating computational artefacts

« Automation

Figure2.7 Coding Concepts, Practices and Perspectives
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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:

* Motion « Computational Thinking * Expressing and Creating
* Sensor * Design Thinking * Innovation

* Actuator * Prototyping * Questioning

* Controller * Design and Construction * Connecting

* Logic « Algorithm Design *» Collaboration

* Power Source « Testing and Reconfiguration * Perseverance

» Automation * Reflection and lteration * Choice of Conduct

* Instruction * Creative Thinking

* Communication * Logical thinking

* Coding (Programming)  Creating robotics artefacts

Figure 2.8 Robotics Concepts, Practices and Perspectives

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
flelds. In Coding and Robotics, digital concepts are divided into the following topics: Digital Citizenship, Digital
Awareness and Digital Skills.

2.6.3.1 Digital Citizenship

Digital Citizenship helps to develop an awareness of responsible and ethical behaviour in the digital world,
which includes the responsible and ethical use of digital tools.

It includes the rights, responsibilities and behaviours (respect, integrity, and safety) displayed by individuals in
the digital world. It further includes concepts like respecting others' privacy, avoidance of, and aversion towards
cyberbullying, the inculcation and employment of netiquette, digital health and welfare, as well as mindfulness
with respect to the impact of online actions and deeds and the taking of responsibility for such actions in the
digital environment.

2.6.3.2 Digital Awareness

The recognition of the competencies, expertise and the mindset needed by individuals to effectively use digital
tools entail understanding and the applications of technologies in a world that is becoming more interconnected.

It includes an awareness of different types of computing devices and their purposes, the concepts of hardware
and software interactions as well as the exemplification and applications of concept such as input-processing-
output and the awareness that the internet as an example of a network such that in a digital world, devices often
need to communicate with each other.

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. It includes an awareness of patterns to communicate a message as patterns
Is a fundamental concept in both coding and robotics.

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
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individuals. Coding and Robots 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 several 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 in real-life situations, 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 Foundation 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 learner’s

competencies.

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

Problem:
Katlego needs to replant a flower in a different position (see diagram below).

Step 1: Understand the problem. . y __— Highlight the relevant information,
Katlego starts at (0, 0) facing right (East) (towards a N while ignoring unimportant or
flower) with no flowers in his hand. There is a flower Lo irrelevant information (abstraction)
at location (3, 0). - d .

Develop instructions that will direct Katlego to pick the flower

and plant it at location (3, 2).

After planting the flower, Katlego should move one space to the right (East) and stop.

There are no obstacles, other flowers, or people on the grid.

Start Finish

O1 2 3 4 O 1 2 3 4

A *

LA

W N = O

B WN O

4

Step 2: Analyse the problem
o Katlego is on the top left block of the grid (position (0, 0))

e The flower must be planted at position (3, 2)

o The flower is exactly three spaces ahead of Katlego.

e The flower is to be planted exactly two spaces down (South) of its current location.
o Katlego is to finish facing right (East) one space right (East) of the planted flower.
e There are no obstacles or other people to worry about.

Step 3: Develop a high-level solution or
algorithm (abstraction)

Katlego should do the following:
Step 1: Get the flower.

Step 2: Plant the flower.

The high-level algorithm breaks the problem
into three rather easy sub-problems or main
ideas (decomposition, using abstraction).
This seems like a good technique.
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Step 3: Move East (Forward)

Step 4: Detailed Algorithm (Decomposition)

Katlego should do the following:
1. Step 1: Get the flower.

1.1. Move 3 blocks forward.
1.2. Pick the flower.

2. Step 2: Plant the flower.
2.1. Turn right.
2.2. Move 2 two blocks forward.
2.3. Plant the flower.

3. Step 3: Move East (Forward)
3.1. Turn left.
3.2. Move one block forward.

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

Step 5: Implement and Test the algorithm.

e Draw a grid and put two objects (one representing Katlego and one representing the flower) in the
correct positions on the grid.

e Follow the algorithm and move the objects representing Katlego and the flower according to the
instructions (algorithm)

e Ask the following questions:
o Was the flower successfully moved from its first position to the target position?

o 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
e enables learners to develop problem solving strategies as well as subject knowledge and skills.
e enables learners to be more engaged in learning.
o stimulates critical thinking.
o promotes self-directed learning as learners generate problem-solving strategies.
e promotes metacognition as learners compare and reflect on solutions.
e 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, in small groups, attempt to solve
a coding or robotics problem. Similarly, Pair Programming is used by learners working in pairs in pursuit of a
solution to a coding or robotics problem.

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 interest, excitement, knowledge and skills via this learning and

teaching modality.

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:

o 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
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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 free ride during the group activity
as their inputs are also individually assessed.

o 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.

o 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.

e 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 Foundation Phase Coding and Robotics

Example of cooperative learning activity for foundation phase on the topic of robotics. Refer to Table 2.3:

Learners present the concept that a robot comprises of different components, each with a purpose.
Reference is made to moving parts, sensors

The group’s task is to use the flashcards provided (graphically illustrating what a robot is, examples of robots
and moving/sensory parts of a robot) and to draw their own robot.

Divide the class into groups of four (4) learners. Each learner gets a role of a robot's moving and/or sensory
parts:

o Learner 1 (Arms) — Learner that is responsible for finding and collating the resources needed. (e.g.,
flashcards of what a robot is, examples of robots etc.).

o Learner 2 (Light sensor) — Learner that is responsible to ask “Why”. As foundation phase learners are
naturally inquisitive, having a learner responsible to keep asking “Why” would lead the group to critical
thinking.

e Learner 3 (Wheel) — Learner that draws the robot and follows instructions from the other group
members.

e Learner 4 (Sound sensor) — Learner that presents the group’s robot drawing and explains what they
think a robot is and what the different parts of their robot are.

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.
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2.7.3 Pair Programming

Pair programming is a pedagogical approach that involves PAIR PROGRAMMING

two learners working together on one computer or one piece

NAVIGATOR

of paper to complete a shared goal/task. It emanates from the T — DRIVER

programming industry yet has proven to be successful even

J
-

(.uﬁ';
i,

at school level. One of the learners fulfils the role of the
“driver’” and one of the learners fulfils the role of the
“navigator’.

The driver is the learner who may use the computer and
handle the keyboard, or draw on the paper and handle the
pencil, whereas the navigator is the learner who utilises the
resources, and reviews the driver's work throughout, provides
feedback and suggestions to the driver, points out errors and asks questions to 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 among 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, improves learning engagement, and teach each
other.

2.7.3.1 Implementing pair programming in Foundation Phase Coding and Robotics

Example of pair programming activity for foundation phase on the topic of Coding (see Table 2.2 Grade 1):

A given pattern is identified. A given pattern is extended. A simple paftern is created by the learner and
repeated.

The pair’'s task is to identify the pattern from the resource given, fill in the blanks by repeating the pattern and
then draw their own pattern with the same sequence.

o Driver — The learner acting as the driver will be the one completing the pattern and drawing the pattern
decided upon between the two learners.

o Navigator — The learner acting as the navigator may have flashcards with similar patterns (different
pictures) on them. They may also ask the teacher for help.

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.

Refer to Annexure B for pair programming assessment guidance.

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.
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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

The curriculum is also informed by the Science of Learning, a multidisciplinary field that 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):

o Retrieval practice: Bringing learned information to mind from long-term memory.

e Spaced practice: Spreading learning activities out over time/reviewing previously learned information
at gradually increasing intervals.

* Interleaving: Switching between topics while learning.

o Examples: When learning abstract concepts, illustrating them with various examples or concrete
experiences.

¢ Dual coding: Combining words with visuals.

o 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 SYNERGISING CODING AND ROBOTICS IN FOUNDATION PHASE

In the foundation phase, elements of subjects such as Language, Mathematics and Life Skills can be linked to
Coding and Robotics and therefore be integrated into coding and robotics to enhance the learning experience.
For example:

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.
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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 Skills
(Personal and Social well-being).

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

2.9 TIME ALLOCATION

In Grades R, 1 and 2, 1 hour per week (10 hours per term) is allocated for coding and robotics. In Grade 3, the
time allocation for coding and robotics is 2 hours per week (20 hours per term).

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

Table 2.1: Time allocation for Foundation Phase Coding and Robotics

GrR12=%per [ Temd [ ~ Tem2 | ~ Tem3 | = Tem4 |
week
Gr 3 = % per week R 1 . 3 R 1 2 3 R 1 . % R 1 2 3
Pattern Recognition 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 | 15
Algorithms & Coding | 30 50 | 50 50 50 50 50 50 | 50 50 50 50 50 50 o0 | 50
Robotics 30 30 | 30 30 30 30 30 30 | 30 30 30 30 30 30 30 | 30
Digital Concepts 5 5 5 5 5 S 5 5 5 5 5 5 5 5 5 5
Total 10 weeks 10 weeks 10 weeks 10 weeks
Note:

Sections 2.12.1 (coding content) 2.12.2 (robotics content), 2.12.3 (digital concepts content) and Section 3
(unpacking of the content) describe many concepts and competencies across the three strands that are linked
and support each other. Various competencies across the three strands can therefore be linked and dealt with

in an integrated fashion.
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2.11 OVERVIEW OF FOUNDATION PHASE CODING AND ROBOTICS
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Figure 2.10 Overview of Foundation Phase Coding and Robotics
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2.12 Focus OF CONTENT AREAS

2.12.1 Coding

Table 2.2: Coding content focus

solve a problem.

Order, arrange or search a
set of pictures and symbols
according fo given criteria.

set task.

Order, arrange or search a
set of pictures, symbols,
characters, and numbers
according to given criteria.

Logically order a set of
pictures or simple sentences
to accomplish a set task.

Order, arrange or search a
set of pictures, symbols,
characters, numbers, and
words according to given
critena.

Competency GradeR Grade 1 Grade 2 Grade 3

(Novice level)
C.1 Rudimentary operations are Rudimentary operations are Elementary tasks and logical | Foundational tasks and
Apply presented using sequences presented using sequences instructions are identified to logical instructions are
computational of pictures. of pictures and or elementary | solve a problem. identified to solve a problem
thinking skills to Logically order a set of three-word sentences. Elementary operations are from which unnecessary or
develop a set of pictures to accomplish aset | Logically order a set of oresented using sequences | Imelevant details are ignored.
logical task. pictures or three-word of pictures and or simple Foundational operations are
instructions to sentences fo accomplish a sentences. presented using sequences

of pictures and or simple
sentences.

Logically order a set of
pictures, simple sentences to
accomplish a set task._

Order, arrange or search a
set of pictures, symbols,
characters, numbers, and
words or sentences
according to given criteria.

C.2

Present a simple
coding solution
using symbolic or

Symbols are used to
represent actions and
operations fo accomplish a
task.

Symbols are used to
represent actions and
operations to accomplish a
task.

Symbols or written
statements are used to
represent actions and
operations to accomplish a

Symbols (normal or puzzle
type or written statements
are used to represent actions
and operations to accomplish

written statements | Each symbol represents a Symbols may be grouped to | 1Sk atask
representing single task. represent repetition. Symbols may be groupedto | Symbols / puzzles blocks
sequences of The solution may be The solution may be represent repetition. may be grouped fo represent
commands, single | nresented partially requiring | presented partially, requiring | Symbols / blocks may be repetition (or a statement
repetition, and the learners to complete a the learners to complete it. used to represent a indicating repetition)
conditional problem. Problems could include: condition. Symbols/ blocks may be
constructs. Problems could include: & hifmendepenarie Symbols may include block- | Used to represent a condition
o  Gridbased scenarios Storv_based : code type images with (or a statement indicating
_ ry-based scenarios : condition)
e  Story-based scenarios Movement-based inkages. _
¢ Movement-based scenarios (e.g., dance | The solution may be SIS Ty GG DOEK:
scenarios (e.g., dance moves) presented partially, requiring | €0de Images with linkages.
moves) e Robot enactment the leamers to complete it The solution may be
e Robot enactment SCenarios Problems could include: presented partially, quUi_“"Q
scenarios & Gridbnsed seensios the learners to {:meplete It
e  Story-based scenarios Problems could include:
¢ Movement-based o (rid-based scenarios
scenaros (e.g., dance e  Story-based scenarios
moves) ¢ Movement-based
e Robot enactment scenarios (e g., dance
scenarios moves)
+  Robot enactment
scenarios
C3 A rudimentary set of A rudimentary set of An elementary set of A foundational set of
Interpret and commands in relation to C.2. | commands in relationto C.2 | commands in relationto C.2 | commands in relation to C.2
execute a given are correctly executed are correctly executed are correctly executed are correctly executed
symbolic or physically, on paper or with physically, on paper or with physically, on paper or with physically, on paper or with
written set of an educational tool. an educational tool. an educational tool. an educational tool.
commands One learner could take on One learner could take on One learner could take on One learner could take on
the role of instructor and or the role of instructor and or the role of instructor and or the role of instructor and or
interpreter(executer) interpreter(executer) interpreter(executer) interpreter(executer)
Cc4 A rudimentary set of A rudimentary set of An elementary set of A foundational set of
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Evaluate a given
solution towards

solution.
Ask the following questions

solution_
Ask the following questions

solution.
Ask the following questions

Debug a given commands to solve a commands fo solve a commands to solve a commands to solve a
symbolic or problem Is inspected for an problem is inspected for an problem Is inspected for an problem 1s inspected for an
written set of error and corrected. error and corrected. error or errors and corrected. | error or errors and corrected.
instructions. Debugging relates to a code | Debugging relates to acode | Debugging relates toacode | Debugging relates to a code
set or set of instructions in set or set of instructions in set or set of instructions in set or set of instructions in
relationto C.1., C2. andC.3. | relatontoC.1,C2 andC3. | relationtoC 1, CZ2andCJ3. | relatontoC.1_ C.2 andC.J3.
C.5 Reflect and report on a given | Reflect and report on a given | Reflect and report on a given | Reflect and report on a given

solution.
Ask the following questions

in symbolic sets of
data or

numbers, pictures, colours,
symbols, or shapes.

numbers, pictures, colours,
symbols, or shapes.

single set of elementary:
numbers, pictures, colours,

potential (critical thinking): (cntical thinking): (critical thinking): (cnitical thinking):
Improvement. ¢ What happened? o What happened? ¢ What happened? ¢ What happened?
e Why has it happened? o  Why has it happened? e Why has it happened? e Why has it happened?
e  What can be learnt? e  What can be learnt? e  \What can be learnt?
The learners are given the The learners are given the The learners are given the
opportunity to reflect on their | opportunity to reflect on their | opportunity to reflect on their
thinking. thinking. thinking.
A rudimentary set of An elementary set of A foundational set of
commands to solve a commands to solve a commands to solve a
problem is inspected and an | problem is inspected andan | problem is inspected and a
alternate 1s suggested. alternate 1s suggested. better alternate is suggested.
The evaluation relates to a Incorporating: Incorporating:
pnde set or set of instructions | Reducing the numbers | ®  Reducing the numbers
I|[r31 éelatmn to C.1, C.2 and of steps of steps B
' The evaluation relates to a * Et;m;pmg OIEpCIiNE
code set or set of instructions P
in relationto C.1. C.2, C.3 The evaluation relates to a
code set or set of instructions
inrelationto C.1, C.2, C.3
C.6 A rudimentary pattern 1s A rudimentary pattern is An elementary pattern (which | A foundational pattern (which
Recognise and identified incorporating a identified incorporating a could include an inverse) Is could include an inverse or a
interpret patterns | SIngle set of elementary: single set of elementary: identified incorporating a gnd artefact) is identified

incorporating a single set of
elementary: numbers,

Pattern conforms to the
prescriptions of C.6.

explain its composition.

Pattern conforms to the
prescriptions of C.6.

visualisations. The differences and or The differences and or symbols, or shapes. pictures, colours, symbols, or
similarities between sets of similarities between sets of The differences and or shapes.
data patterns including data patterns including similarities between sets of The differences and or
images are identified and Images are identified and data patterns including similanties between sets of
motivated. motivated. images are identified and data patterns including
The learners can recognise | The learners can recognise motivated. s ol identified and
and explain the composition | and explain the composition | The learners can recognise motivated.
of the pattern. of the pattern. and explain the composition | The learners can recognise
The pattern is copied by the | The pattem is copied by the | ©f the pattem. and explain the composition
learner either using physical | leamner either using physical | The patter is copied by the | ©f the pattern.
objects, physical objects, physical learner either using physical | The pattern 1s copied by the
(kinaesthetic) movements or | (kinaesthetic) movements or | objects, physical learner either using physical
on paper. on paper. (kinaesthetic) movements or | objects, physical
on paper. (kinaesthetic) movements or
on paper.
C.7 N/A |dentify a given pattern. |dentify a given pattern. |dentify a given pattern.
Create or complete Extend a given pattern. Extend a given pattern. Extend a given pattern.
a pattern to Create and repeat a Create and repeat an Create and repeat a
represent a data rudimentary pattern. elementary pattern and foundational pattern and
set.

explain its composition.

Pattern conforms to the
prescriptions of C.6.
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2.12.2 Robotics

Table 2.3: Robotics content focus

robot is in simple
terms.

IS.

Is, Including reference their
purpose.

Is, including reference to their
purpose and mode of
operation.

Reference to moving and

Competency GradeR Grade 1 Grade 2 Grade 3

(Novice level)
R.1 Present a rudimentary Present an elementary Present an elementary Present a foundational
Explain what a explanation of what a robot explanation of what a robot explanation of what a robot explanation of what a robot

Is, including reference to their
purpose and mode of
operation.

Reference to moving,

The activity may be open
where various materials are

supplied to the learners to
have them create their own
robot and/or related artefact

The learners reflect and talk /
ideate about what their
robots can do.

The activity may be open
where various materials are

supplied to the learners to
have them create their own
robot and/or related artefact.

The leamers reflect and talk /
ideate about what their
robots can do.

Strings and /or pins may be
added to mimic movement.

Different matenals can be
used, e g., pipe cleaners, ice
cream sticks, straws etc.
The creation of the artefact

could also take on the form of
a game e.g. (Assemble by

The activity may be open
where various matenals are

supplied to the learners to
have them create their own
robot and/or related artefact.

The learners reflect and talk /
ideate about what their
robots can do.

Strings and/ or pins may be
added to mimic movement.

Different matenals can be
used, e.g., pipe cleaners, ice
cream sticks, straws etc.

The creation of the artefact
could also take on the form of
a game e_g. (Assemble by

sensory parts are made. sensory and processing parts
are made.
R.2 |dentify general examples of | Identify general examples of | Identify robots that are used |dentify domestic robots and
|dentify different robots. robots and what they do. In factories and robots that professional use robots.
types of robots. are not used In factories
(Service robots)
R3 N/A The learners present the The learners present the The learners present the
Outline the concept that a robot concept that a robot concept that a robot
different comprises of different comprises of different comprises of different
components of a components each with a components, each with a components, each with a
robot purpose. purpose. purpose.
Reference is made to moving | Reference is made to Reference is made to the
parts, Sensors. sensors, a power source and | following concepts as part of
motors the outline:
e Robots comprise of
mechanical parts.
* Requires power.
e Require some form of
programming.
R4 Provide a rudimentary Provide a rudimentary Provide an elementary Provide a foundational
Present an explanation of what robots explanation of what robots explanation of what robots explanation of what robots
understanding of are used for. are used for with references are used for with references | are used for with references
how robots affect to specific tasks. to specific tasks, including to specific concepts that
the world. dangerous and repetitive robots can be programmed to
ones. react to their environment.
The discussion incorporates
elements of R.1and R.2
R.5 Create a rudimentary artefact | Create a rudimentary artefact | Create an elementary Create a foundational
Design a simple to represent a robot or to represent a robot or artefact to represent a robot | artefact to represent a robot
artefact based on | €dquivalent. equivalent or equivalent or equivalent
a set of design Step by step instructions can | Step by step instructions can | Step by step instructions can | Step by step instructions can
specifications. be applied or given. be applied or given. be applied or given. be applied or given.

The activity may be open
where various matenals are

supplied to the learners to
have them create their own
robot and/or related artefact.

The learners reflect and talk /
ideate about what their
robots can do including the
composition of the various
parts and the purpose of
each.

Strings and/ or pins or lever
mechanisms and /or pullies
may be added to mimic
movement.

Different matenals can be
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numbers)

numbers), throw some die.

Assemble using
prefabricated parts if
(available) e_g., building
blocks.

The instructions contain
various steps that should be
read and or interpreted as
part of the assembly.

The assembly should require
a set order (one step should

follow the other)

used, e.g., pipe cleaners, ice
cream sticks, straws etc.

The creation of the artefact
could also take on the form of
a game e.g. (Assemble by
numbers), throw some die.

Assembly using prefabricated
parts If (available) e.qg.,
building blocks.

The instructions contain
various steps that should be
read and/or interpreted as
part of the assembly.

The assembly should require
a set order (one step should
follow the other)

C2C3 CdandCh.

The execution can also be
done and demonstrated in
the context of R.b

C2,C3 C4andCh

The execution can also be
done and demonstrated in
the context of R.b

C2,C3 C4andCo

The execution can also be
done and demonstrated in
the context of R.6

R.6 The learners mimic the The learners mimic the The learners mimic the The learners mimic the
Mimic the operations of a robot based | operations of a robot based | operations of a robot based | operations of a robot based
operations of a on given instruction or for a on given instruction or for a on given instruction or for a on given instruction or for a
robot purpose. purpose. purpose. purpose.
Rudimentary instructions are | Rudimentary instructions are | Elementary instructions are Foundational instructions are
performed, in person or using | performed, in person or using | performed, in person or using | performed, In person or using
a tool, or on paper. a tool or on paper. a tool, or on paper. a tool, or on paper.
Relatesto C.1,C2 C3,C4 | RelatestoC1,C2 C3 C4 | RelatestoC1,C2 C3,C4 | RelatestoC.1, C2 C3 C4
and C.9. and C.5. and C.9. and C.5.
R.7 A rudimentary set of A rudimentary set of An elementary set of A foundational set of
Create, test, and Instructions are compiled and | instructions are compiled and | instructions are compiled and | nstructions are compiled and
execute a set of executed to perform a task. executed to perform a task. executed to perform a task. executed to perform a task.
robotic This outcome and This outcome and This outcome and This outcome and
instructions. instructions relate to C.1, instructions relate to C.1, instructions relate to C.1, instructions relate to C.1,

C2,C3,C4andCh

The execution can also be
done and demonstrated in
the context of R_b
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2.12.3 Digital Concepts

Table 2.4: Digital Concepts content focus

electronic devices (dangers
of electricity) should be used
safely (e.g., don't use
electronic devices whilst

crossing the street) and in
moderation (screen time)

electronic devices (dangers
of electricity) should be used
safely (e.g., don't use
electronic devices whilst

crossing the street) and in
moderation (screen time)

Present a rudimentary
understanding of the dangers
of going online.

Present a rudimentary
understanding of the concept
of cyberbullying and how to
deal with it.

The conceptualisation Is
presented in terms of D.1

electronic devices (dangers
of electricity) should be used
safely (e.g., don't use
electronic devices whilst

crossing the street) and in
moderation (screen time)

Present an elementary
understanding of the dangers
of going online.

Present an elementary
understanding of the concept
of cyberbullying and how to
deal with it.

The learners understand that

protecting information with a
password helps keep it
private.

Introduce the concept of a
digital footprint at an
elementary level.

The conceptualisation 1s
presented in terms of D.1

Competency GradeR Grade 1 Grade 2 Grade 3
Novice Level

D.1 Present a rudimentary Present a rudimentary Present an elementary Present a foundational

Outline the explanation of what explanation of what explanation of what explanation of what

concept of technology Is. technology 1s. technology Is. technology Is.

technology and Learners can point out Learners can point out Learners can point out Learners can point out

purpose of examples of technology. examples of technology and | examples of technology and | examples of technology and

information relate its use to everyday life. | relate its use and purpose to | relate its use and purpose to

technology (IT). Learners relate the concept | €veryday life. everyday life.

of technology to that of a tool. | Learners relate the concept Learners relate the concept
of technology to that of a fool. | of technology to that of a tool.

The learner’s answer include
that the technological artefact
has a common purpose or
goal.
The answer also includes the
concept that technologies
often comprise of different
components.

D2 The learners present a The learners present a The learners present an The learners present a

Recognise that he rudimentary understanding rudimentary understanding elementary understanding foundational understanding

orshe s livingas | that the digital world is all that the digital world is all that the digital world s all that the digital world is all

3 citizen in a around us. around us. around us. around us.

digital world. The learners understand that | The learners understand that | The learners understand that | The leamners understand that

electronic devices (dangers
of electricity) should be used
safely (e.g., don't use
electronic devices whilst

crossing the street) and in
moderation (screen time)

Present a foundational
understanding of the dangers
of going online.

Present a foundational
understanding of the concept
of cyberbullying and how to
deal with it

The learners understand that

protecting information with a
password helps keep it
private.

Recognise the concept and

dangers of sharing personal
information like usernames

and or passwords.

Understand the responsible
use of technology.

Introduce the concept of a
digital footprint at a
foundational level.

Present an understanding of
the necessity to report
unsuitable use of electronic
communication, the access
of inappropriate content and
or contact.
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The conceptualisation 1s
presented in terms of D.1

D3 The learner presents a The learner presents a The learner presents an A foundational explanation of
Demonstrate an rudimentary explanation of rudimentary explanation of elementary explanation of what a computing device Is,
understanding of what a computing device Is. what a computing device Is. what a computing device 1s. IS presented.
the concept of a Learners can point out Learners can point out Learners can point out Learners can point out
computing device. | examples of computing examples of computing examples of computing examples of computing
devices. devices. devices. devices.
The learner's answer should | The learners answer should The learners answer should
incorporate the concept that | incorporate the concept that | incorporate the concept that
a computing device can a computing device can a computing device can
follow and interpret follow and interpret follow and interpret
instructions. Instructions. instructions and produce
Links with D1 Links with D.1 output/result or render an
outcome.
Links with D_1
D4 N/A A rudimentary list of the use | An elementary list of the use | A foundational list of the use
|dentify the of IT related technologies of IT related technologies of IT related technologies
common uses of and devices are named in and devices are named In and devices are named in
ICT in the real terms of their use. terms of their use. terms of their use.
world. Links with D.1 and D.2 Links with D.2 and D 2 Links with D.1 and D.2
D5 N/A N/A The learners differentiate ata | The leamners differentiate at
Differentiate rudimentary level between an elementary level between
between the the concept of hardware the concept of hardware
components of an (touchable) and software as | (touchable) and software as
ICT system. "Apps”. “Apps’.
Basic examples are listed in | Learners lists examples of
relationto D.1, D.2and D.3 different types of hardware
and software.
Basic examples are listed in
relatonto D.1, D.2and D3
D.6 N/A N/A The learners can present a The learners can present an
Explain how the rudimentary explanation of elementary explanation of
adaptation of how technology impact how technology impact
technology society at large. society at large.
impacted the The discussion incorporates | Typical examples are listed in
world we work and concepts of D.1 and D.2 relation to various sectors.
live in. The discussion incorporates
conceptsof D.1and D.2
D.7 The learners present a The learners present a The learners present an The learners present

Present a basic rudimentary understanding rudimentary understanding elementary understanding foundational understanding
understanding of | (hat Input results in some that input results in some that input results in some that input results in some
the concept of form of output. form of output. form of output. form of output.
input processing Input -2 Instructions are Input = Instructions are Input = Instructions are
and output. executed that results in an executed that results in an executed that results in an
action. action. action.
The concept that different Qutput as a form of Qutput as a form of
forms of input results in communication from the communication from the
different actions are device device
emphasised. The concept that different The concept that different
forms of input results in forms of input result in
different actions is different actions Is
emphasised. emphasised.
The concept that processing
takes place between input
and output forms part of the
learners understanding.
D8 Interpret a rudimentary Interpret a rudimentary Interpret an elementary Interpret a foundational
Interpret a pattem pattern and present a pattern and present a pattern and present a pattern and present a
to represent or corresponding message in corresponding message In corresponding message in corresponding message in
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communicate a

message or image.

symbolic form.
Done in relation to C.6.

symbolic form.

Translate (decode) an
elementary pattern to a
simple word, image, or
phrase (3-word maximum
phrase).

Done in relation to C.6

symbolic form.

Translate (decode) an
elementary pattern to a
simple word, image, or basic
sentence.

Done in relationto C.6

symbolic form.

Translate (decode) a
foundational patiern to a
simple word, image, or
simple sentence.

Pattern may include 2-D
matrixes for both encoding
and decoding purposes.

Done inrelationto C.6

D9 Create a rudimentary patiern | Create a rudimentary pattern | Create an elementary pattern | Create a foundational pattern
Create a pattern to to represent an image or to represent an image or to represent an iImage or to represent an image or
represent or cnmmuni-‘;ﬂte a message or mmmunicate a message or mmmunicate a message or mmmunicate a message or
communicate a an image. an image. an image. an image.

message or image.

Done in relation to C.6 and
D8

Translate (encode) a
rudimentary pattern to a
simple word, image, or
phrase (3-word maximum
phrase).

Done in relation to C.6 and
D8

Translate (encode) an
elementary pattern to a
simple word, image, or basic
sentence.

Done in relation to C.6.and
D8

Translate (encode) a
foundational patiern to a
simple word, image, or
simple sentence.

Done in relation to C.6 and
D8

D.10

Demonstrate a
basic proficiency
in the application
of digital skills.

N/A

N/A

N/A

N/A

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 CAREER OPPORTUNITIES

Today, digital technologies are integrated in all aspects of our lives. Digital competencies such as Coding and
Robotic 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 (loT), automation
and artificial intelligence (Al) 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 Figure 2.6, Table 2.2, Table 2.3 and Table 2.4

In Foundation Phase, the curriculum is designed to integrate with other Foundation Phase subjects as indicated
In the term plans. This integration could also strengthen the specific concepts and content in the subject it is
integrated with.

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

Note:

This section contains examples that clarify the content and competencies. These examples serve as illustrations to better understand
the topics and the abilities students 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 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.

Teachers should therefore develop their Annual Teaching Plans (ATPs) sequencing content and competencies in a manner that will
make sense for their leamers 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 and achievement.
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4 SECTION 4
ASSESSMENT

4.1 INTRODUCTION

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:

e generating and collecting evidence of achievement.
e evaluating this evidence.

e recording the findings and

e using this information

to understand and thereby assist the learner’'s development to improve the process of learning and teaching.

In Foundation Phase, all assessment is school-based assessment (SBA) and involves activities that are
undertaken throughout the year. Assessment in Coding and Robotics should encourage:

e Computational thinking practices, i.e., integrating the power of human thinking with the capabilities of
digital technologies and computer programming.

e Design thinking and design process.

e Problem solving strategies.

In the Foundation Phase, the main techniques of formal and informal assessment are observation by the
teacher, oral discussions, practical demonstrations and written recording. Grade R assessment should be
mainly oral and practical.

4.2 ASSESSMENT

Assessment is the process of continuously collecting information on a learner’'s achievement. It is a daily
monitoring of learners’ progress.

The forms of assessment used should be age and developmental level appropriate. All assessments must cater
for a range of cognitive levels and abilities of learners. The design of these tasks should cover the content of the
subject in a variety of ways. A variety of forms of assessment (observation, oral, practical and written) should be
used to give each |learner the opportunity to demonstrate what he or she can do.

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 can use the following strategies:

4.3 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: As
some Coding and Robotics competencies can be integrated with other subjects in Foundation Phase, for
example, pattern recognition, it is possible to assess these competencies during the integration process.

4.3.1 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.

CAPS 121




4.3.1.1  Types of problems
In terms of coding, typically, problems could require learners to

e provide missing code instructions (code instructions are provided with some instructions or code
elements missing / to be completed or

e choose the correct solution from 2-3 options or

o work through (trace) / act out code to determine if it is correct and correct if required or

o rewrite a set of coding instructions to be more efficient or

e compare different solutions to evaluate efficiency or

o ftranslate verbal/written instructions to code (e.g. packing arrows)

e 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.

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

¢ needs to understand the problem.

e analyses the problem (what is given and what is needed / what is important and what can be ignored -
abstraction).

o |dentifies the main steps (abstraction / high level solution).

o [dentifies the detailed steps (decomposition / breaking down the main steps).

¢ |dentifies patterns to determine the need for using coding structures such as repetition.

e mplements and tests the solution (algorithm).

o debugs the solution if required.

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

4.3.2 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 Foundation 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.

4.3.3 Pair Programming

Assessing pair programming in Foundation 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.

4.4 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
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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.

Fi Outstanding achievement 80 - 100
6 Meritorious achievement 70-79
) Substantial achievement 60 — 69
4 Adequate achievement 50-59
3 Moderate achievement 40 - 49
2 Elementary achievement 30-39
1 | Not achieﬁed | 0-29

4.5 GENERAL

This document should be read in conjunction with:

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

e The policy document, National Protocol for Assessment Grades R-12
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ANNEXURE A — TERMINOLOGY

The following tables provide clarity on terminology used in the CAPS

A.1 CODING
Table A.5 Coding - Clarification of concepts and terms
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 It refers to a problem-solving approach that involves breaking down complex problems into smaller, more
Thinking 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/ | A control structure that selects one alternative from two or more possible execution sequences to be
decision) statement | 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 a 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 (=, >, <, <, 2, #),
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 frace 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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A.2 ROBOTICS

Table A.6 Robotics - Clarification of concepts and terms

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

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.

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.

A.3 DIGITAL CONCEPTS
Table A.7 Digital Concepts - Clarification of concepts and terms

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.

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.

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 Intemet and other digital technology to communicate with other and engage in

society.

Digital Citizenship

The ability to participate in online society.

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:
e Central Processing Unit (CPU): the component responsible for executing instructions.
e 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 fo interact with the
computer.
e Qutput 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

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

Technology (ICT)

Information IT refers to the use of computer systems to manage, process, protect, and exchange data and information.
Technology (IT)

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

sound.
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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 In computing, personal information or personal data is any information that can identify a person, from
information 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:
e Operating System (OS) that manages the hardware resources and provides a platform for
running other programs. (e.g., Windows, macOS, Linux)
e Application software: Specific programs designed for performing tasks like word processing,
image editing, games, efc.
e 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.

I 126 CURRICULUM AND ASSESSMENT POLICY STATEMENT



ANNEXURE B — EXAMPLE RUBRICS

B.1 PROBLEM-SOLVING (CODING)
Example checklist to assess individual problem-based coding activity:

The process of creating a logical set of instructions to solve a problem or that a robot can mimic, which require a deep understanding of
computational thinking and the problem-solving process

in his/her own words

problem in hisfher own
words.

the problem in his/her own
words but continuously
seeks assistance from the
teacher.

problem in his/her own
words but leans on peers
for support. Some points
are vague.

Learner can Beginning Developing Accomplished Exemplary
(1) (2) (3) g}
S S
&
i
Explain the problem | Learner cannot explainthe | Learner attempts to explain | Learner can explain a Learner can skilfully explain

a problem in his/fher own
words and can self-correct.

|dentify what is
given and what is
needed

Learner cannot identify
what is given and what i1s
needed

Learner hesitantly attempts
to identify what is given and
what is needed, but still
seeks continuous
assistance from the
teacher.

Learner hesitantly attempts
to identify what is given and
what is needed. Some
points are vague.

Learner confidently
identifies what 1s given and
what i1s needed

Provide the main Learner cannot provide the | Learner attempts to provide | Learner hesitantly attempts | Learner confidently
steps to solve the main steps to solve the the main steps to solve the | to provide the main stepsto | provides the main steps to
problem problem problem but wall solve the problem, but solve the problem
continuously refer to the he/she might miss some
teacher for confirmation steps or give a vague
explanation of some of the
steps.

Break the main
steps into smaller,
easier to solve,

Learner cannot identify
detailed, easier to solve
steps

Learner attempts to identify
detalled, easier to solve
steps, but continuously

Learner attempts to identify
detailed, easier to solve
steps, but some steps may

Learner can identify
detalled, easier to solve
steps. He/she can self-

correct.

detailed steps/parts seeks assistance from the be vague or incomplete. correct

teacher May lean on peers for

support

Implement and test Learner cannot implement | Learner attempts to Learner hesitantly attempts | Learner can confidently
the solution and test the solution iImplement and test the to implement and test the implement and test the

solution but cannot follow solution. May lean on peers | solution

through for support.
Debug the solution if | Learner cannot identify Learner attempts to identify | Learner will be able to Learner can confidently
required (full marks | whether the solution whether a solution needs dentify whether the solution | identify whether the solution
if learner indicated it | requires debugging or not. debugging but i1s not sure or | Is correct or not but will not | 1s correct or needs
correct and teacher will try to debug because be able to debug. debugging and can do the
confirmed they are not completely debugging.
correctness) sure that the solution Is

As the rubric above uses a 4-level scale, the learner's problem-solving mark (out of 7 — for reporting purposes)

from the above rubric can be summarised as follows:

Problem-solving (coding) summary (generic example)

Mark achieved
(from rubric above)

Did the learner understand the problem? Z
Did the learner analyse the problem (what is given and what is needed)? 3
Did the learner identify the main steps (abstraction / high level solution)? Y,
Did the learner identify the detailed steps (decomposition / breaking down the main steps)? 1
Did the learner implement and test the solution? 3
Did the learner debug the solution if required? Z
TOTAL 13124

% 4%

RATING CODE (for reporting): Adequate achievement (50-99%) 4
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B.2 COOPERATIVE LEARNING

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
utilised well.

#Drawing

illustrates robot

*Learner fulfilled
role well

el Bl Il o

#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:

concept, e.g. robot

(e.g. no parts included) and
the definition I1s unclear and
difficult to follow

Included, and the definition
Is generally clear and easy
to follow but may be
Incomplete or somewhat
disorganised.

Is included (e.g. most of the
parts) and it 1s mostly well-
organised and easy to follow

Aspect assessed Beginning (1) Developing (2) Accomplished (3) Exemplary (4)
Pl
BN
P T J
Zx
Definition of Key information 1s missing Some key information is Most of the key information | The learner demonstrates

full understanding in that the
definition 1s 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
appropnately 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

Drawing includes some
relevant details that may not

Drawing includes most of
the relevant and accurate

drawing includes rich, and
accurate details that

role well

understand his/her role and
makes no contribution or
unrelated contributions

her/his role, but does not
work with group and most of
the contributions are
unrelated

role and mostly makes
relevant contributions. Can
work on her/his part and
take part in the group

s iIncomplete and/or difficult | all be accurate and conveys | details that appropriately effectively convey the
to Interpret the concept but lack detall convey the concept concept.
Learner fulfilled Learner does not Shares ideas or tries to fulfil | Tries to understand his/her Generates ideas and builds

upon other's ideas fo
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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B.3 PAIR PROGRAMMING /CDMPLETING A TASK IN PAIRS
Example rubric to assess pair programming activity: Identifying, completing and creating patterns.

Learner name

#ldentify Pattern

#Complete Pattern.

#Create Pattern

*Learner fulfilled
role well

#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 give most of these 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, is assessed using the following key:

Aspect assessed Beginning (1) Developing (2) Accomplished (3) Exemplary (4)
© | € &
\“x

|dentify Pattern e Needs assistance fo e Able to identify the o Able to identify the o Able to identify and fully
identify the pattern and pattern but needs pattern and describe the describe the pattern in
cannot describe the assistance to describe pattern in terms of the terms of the correct
pattern in terms of the the pattern in terms of correct pattern rules with pattern rules
correct pattern rule(s) the correct pattern minor shortcomings

rule(s)

Complete Pattern o Needs assistance fo o Able to complete the o Able to complete the o Able to complete the
complete a pattern due pattern but needed help pattern according to the pattern according to the
to not understanding the with pattern rule(s) rule(s) identified using 2 pattern rule(s) identified
pattern rule(s). attempts on first attempt

Create Pattern ¢ Needed assistance to o (reate repeating ¢ Able to create own o (Can create own pattern
create the pattern and patterns but needed help pattern according to a according to their own
does not understand with pattern rule pattern rule using 2 rule(s) on first attempt
pattern rule(s) attempts

Learner fulfilled role | o Learner does not e Shares ideas or tries fo e [ries to understand o (Generates ideas and

well understand his/her role fulfil her/his role, but his/her role and mostly builds upon peer’s ideas
and makes no does not work well with makes relevant to develop a larger plan./
contribution or unrelated peer and most of the contributions. Can work solve the problem.
contributions contributions are on her/his part to

unrelated contribute to the solution

B.4 COMMUNICATION / DISCUSSION (DIGITAL CONCEPTS)
Example, explaining a concept, e.g., what a robot is

|An effective communicator shares information and ideas for a given purpose, task, and audience.

unclear or difficult to follow

generally clear and easy to
follow, but may be
incomplete or somewhat

disorganised

well-organised and easy to
follow

ICompetencies Beginning (1) Developing (2) Accomplished (3) Exemplary (4)
A
Fo
\Za
[Explaining the concept | Learner’s explanationis e Learner's explanationis  |e Learner's explanationis  |e Learner's explanation is

well-organized, engaging,
and demonstrates creativity
and onginality

Key information

l* Learner includes some key

Learner includes key

o Learnerincludes allkey |o

Learner explains the

included information but may be information and some information and all relevant | concept in depth,
missing some important details to support their details to support their demonstrating a deep
details. explanation. explanation understanding
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B.5 DESIGN THINKING

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)
gt
B
&
Inspiration: ¢ Demonstrates limited e Applies creative thinking | e Applies creative thinking | e Demonstrates

the problem or the
product I1s not useful.

Learner applies creative thinking and to understand the effectively to gain a exceptional creative
creative thinking to understanding of the problem or task and deeper understanding of thinking and in-depth
create a product or problem or task Identifies some the problem or task and understanding of the
complete a task opportunities for Identifies significant problem or task,
Innovation opportunities for uncovering unique
Innovation. insights and
opportunities for
Innovation
Ideation: Unsure about what is o (Generally, mimics ideas Creates new ideas that Creates many clear
Learner can create expected so any idea 1s from others (rather than include enough detail ideas by considering lots
own ideas to create scattered or unfocused creating new ideas) that and that are directly of possibilities that
a product or and 1deas do not clearly are related to the related to the problem or focuses on key
completing a task. connect to the problem problem or task. task. information and fully
or task. addresses the problem
or task
Implementation: Creates a product or o Creates a product or Uses ideas to create a Creates clear ideas to
Learner can use best performance, but the performance with some product or performance create a product or
ideas to create a product has limited functionality that 1s with good functionality performance with
product or complete functionality or detail and somehow related to the that is directly related to precision and full
a task. does not clearly address challenge or problem. the problem or task. 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

o Collects some feedback
and reflects somewhat
on the quality for
considering minor

Collects thorough
feedback, reflects
accurately on the quality
to inform improvements,

Collects extensive
feedback, conducts
rigorous testing, and
iterates on the design or

or iterations Improvements or and iterates on the solution based on
lterations solution feedback, leading to
transformative
Improvements.

Note: All rubrics serve as examples only and may be adapted
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ANNEXURE C — POsSSIBLE ADDITIONAL RESOURCES

For the foundation phase, it is possible to fulfil the curriculum in its entirety unplugged (without coding software
or robotics tools). However, should the school want to use coding software or educational robotics tools, they

need to consider the possible impact it may have on the cognitive load (Refer to Section 2.9, Figure 2.7).

The following educational resources could be considered to support unplugged activities:

Robot Mouse BEE Bot
Image Sample instructions Image Sample instructions

HMHHU

Scratch Junior
Image Sample instructions

Sample instructions

D

https://scratch.mit.edu/

https://www.scratchjr.org/

Boats
Image Sample Sample instructions
instruction
SELECT YOUR TOMENS
8 = 8
® L ©
-0 = ©
§j© D ©
okt f sl b v o = ©
S i 3T o= a1 |.. .
e e e 'l o ps://www.tangiblgames.com
T O O
T

Code.org Kodable
Image Sample instructions Image Sample instructions
CS Fun With Code.org | - T E—

https://code.org/

https://www.kodable.com/
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