

[image: Illustration]




 


With over twenty years of experience in computing education, Shahneila Saeed has seen the changes to the computing curriculum from many perspectives. As a teacher and Head of Department, she led her department’s transition to computing several years ahead of government changes. As one of the founding members of the Computing at School board, she helped develop the Computing Programmes of Study.


In 2014, Shahneila joined Ukie (UK Interactive Entertainment Association) to become Head of Education and Director for the nationwide Digital Schoolhouse programme. She is the author of Hacking the Curriculum: Creative Computing and the Power of Play, a book that uses play-based learning to teach computing skills and concepts.
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Ukie’s Digital Schoolhouse together with Nintendo UK is a not-for-profit programme which enables academic institutions (Schoolhouses) to deliver creative computing workshops to local primary schools. Pupils can experience a unique approach to play-based learning through innovative activities and free, adaptable resources. Underpinned by evidence-based research and combined with ground-breaking careers education, the programme successfully bridges the gap between academia and industry, to ensure pupils are aptly equipped for the future digital economy.





Introduction: Why is this all so important?



To say that we are living in a digital age is unlikely to surprise anyone. Technology has infiltrated virtually every aspect of our lives and is so inherent in our world that often we simply don’t ‘see’ it. Artificial Intelligence is on the rise and visibly so. Personal AI assistants such as Alexa, Siri and Cortana are no longer confined to being a gimmick feature on our phones, but can now provide real assistance in our homes. From controlling our lights and electronic devices to reordering our shopping, these home devices do all that and so much more. Ask Alexa to tell you a story or Siri to tell you a joke and each will provide a humorous interaction.


Technology continues to grow at such an incredible rate that we can only begin to imagine the possibilities it might bring and what the world will look like in just ten years. Driverless cars as a mass-market product are now on the horizon. How long will it be before the Amazon Echo develops arms, legs and a digital face? Eye-tracking technologies and 3D printing are among the many technologies that are already providing life-changing solutions for people who need physical assistance. It won’t be long before this existing tech is refined, repackaged and made available more widely. The sci-fi movies of yesterday are fast becoming today’s reality.


And that’s exciting, incredibly exciting in fact. Perhaps even more fascinating are our children’s natural assumptions of what technology can do.


You can see today’s toddlers wonder why their home TVs don’t respond to touch. Having a toy bot that you can programme with voice commands is as natural to children today as plastic dolls were to us yesterday.


With technology booming the number of jobs and opportunities within the tech sector is on the increase. You’d think that given young people’s natural inclination towards technology there would be more applicants for roles than positions available. Unfortunately, though, that’s the conundrum. Despite our children’s interest and appreciation of tech, most of them aren’t opting to choose a career within the industry, meaning technical positions are a challenge to fill. As a result, there are shortages, and this is known as the digital skills gap. For some companies, more than 40 per cent of staff are recruited from overseas. Why? Because there simply aren’t enough students with relevant digital skills coming through the education system here in the UK.


But why is that? You wouldn’t naturally look at the students of today and think that would be the case. It is a huge concern and one that is actively being addressed within both the education and tech sectors.


In 2016 the World Economic Forum published ‘The Future of Jobs’, a report which looked at the skills that will be needed in the twenty-first-century economy. It is true that AI technology threatens a lot of roles with automation, but it is also true that the same technology will create numerous new roles and positions to help manage and further develop this automation. Likewise, the roles that aren’t at risk are those that require human insight, innovation and creativity. Some jobs may go but many more jobs will change. The truth is this: unless we prepare our children for the shifting world, they will struggle. Unless we help them develop their creativity and problem-solving skills along with a love for lifelong learning and resilience they will struggle to adapt in the constantly shifting digital world of tomorrow.


Most jobs today require at least some minimal use and understanding of digital devices; digital skills are the fourth literacy and just as important as reading, writing and arithmetic. It is critical, therefore, that we prepare our children for the jobs of today and the world of tomorrow.


So yes, learning computing and programming (or coding) is important. Its importance has been recognised not only by industry and educators but also by government itself. So much so in fact that in 2014 it became a mandatory part of the curriculum for all children from the age of five.



So, what are our children learning in school?



All children that attend a state-funded school have to be taught the computing curriculum from Year 1 through to Year 11. The programmes of study set down the key principles that pupils should be taught during each Key Stage. They cover the full breadth of computer science and digital literacy and include creative media development and online safety.




A high-quality computing education equips pupils to use computational thinking and creativity to understand and change the world. Computing has deep links with mathematics, science and design and technology, and provides insights into both natural and artificial systems. The core of computing is computer science, in which pupils are taught the principles of information and computation, how digital systems work and how to put this knowledge to use through programming. Building on this knowledge and understanding, pupils are equipped to use information technology to create programs, systems and a range of content. Computing also ensures that pupils become digitally literate – able to use, and express themselves and develop their ideas through, information and communication technology – at a level suitable for the future workplace and as active participants in a digital world.


National Curriculum in England: Computing programmes of study (September 2013)





The highly ambitious computing curriculum places computational thinking and creativity at its heart. These two concepts underpin the entire computing curriculum and encourage digital creativity and play-based learning. The change impacts all children from ages five to sixteen. But why is it so important?


As defined by Jeannette Wing, computational thinking is ‘a way of solving problems, designing systems, and understanding human behaviour by drawing on the concepts of computer science.’1 It is a set of cognitive thinking skills that can help us solve problems more effectively. So much of the modern workplace is about solving problems, whether it’s a small problem to enhance business efficiency or developing a breakthrough product for consumers. Even if you’re not involved in programming, chances are you will be involved in solving problems in some way.


We will unpick the details of the programmes of study and computational thinking in the next section, but what needs to be said here is that it’s the approach that is important.



What are our children doing in their free time?



Whatever your answer to this question, it more than likely involves at least some element of ‘play’. Play in its broadest sense is freeform and enables children to use their imagination and creativity, to have fun.


There may or may not be rules involved, and if there are, they may change – the play is not fixed; the point is to have fun. We know very young children learn through play. Pre-schools and nursery schools do this job extremely well and children are often taught about colours, numbers and letters through games, songs and other fun interactions. Arguably we continue to learn through play throughout our entire lives. While the mechanics of play and its nature may change over time, the essential ingredients and the demand that it is ‘fun’ do not.


As parents and educators we can use this. We can continue to use playful techniques to teach our children and in so doing develop within them a love for lifelong learning, creativity and innovation. Computing can be taught in the same way, and indeed that is the aim of this book. There is a common belief and practice that a person’s first step to learning programming needs to be done in front of a computer screen with lines of code displayed. While that works for many, for others it can be an intimidating and daunting prospect.


With this book we aim to show how computing concepts and computational thinking can be introduced without the use of computers, using the games you may typically already be playing with your child. As a working parent myself I know just how busy our lives can be. Between juggling childcare responsibilities with our other commitments, there is very little time to spare for much else. If on top of that we feel that we have to learn programming before we are able to teach or support our children with it, then it simply won’t get done. The nature of each of the activities within the book enables parents to play and learn and have fun alongside their children. Using commonly found household items, guided discussions and exploratory playful mechanics, each activity introduces you to one or more key computing concepts and ideas. By the time you’ve finished this book not only will your child have been introduced to key skills and concepts within computing, but fingers crossed they’ll also be helping out with a household chore or two!





 


1 Wing, J. M., 2006, ‘Computational thinking.’ Communications of the ACM, 49, 33–35. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2696102/





CHAPTER 1



Unpicking the National Curriculum for Computing


The National Curriculum in England for Computing is a statutory programme of study (PoS) that all state-funded schools need to follow. It applies right through from Key Stage 1 (starting at Year 1) to Key Stage 4 (ending with Year 11). Independent schools and Academies are exempt from having to follow this, but you will find that a lot of schools choose to do so anyway. The PoS outlines the subject content that needs to be taught at each phase of education. It does not, however, dictate how much time should be allocated; that is individually determined by each school.


In this chapter we will endeavour to explain at an introductory level the different elements of the curriculum and what they mean. Before doing so, it is worth remembering that the curriculum is focused around the core principles of computing, and as such does not contain specific references to technology. The guidance given to schools is for them to choose the best technology at their disposal to illustrate the concept being described. For example, you won’t see any references to tablet devices or mobile phones, but understanding how a computer works internally, and how it sends and receives data from other computers is covered (this could then be taught using tablet devices and mobile phones).




PURPOSE OF STUDY







 


A high-quality computing education equips pupils to use computational thinking and creativity to understand and change the world. Computing has deep links with mathematics, science and design and technology, and provides insights into both natural and artificial systems. The core of computing is computer science, in which pupils are taught the principles of information and computation, how digital systems work and how to put this knowledge to use through programming. Building on this knowledge and understanding, pupils are equipped to use information technology to create programs, systems and a range of content. Computing also ensures that pupils become digitally literate – meaning they are able to use, and express themselves and develop their ideas through, information and communication technology – at a level suitable for the future workplace and as active participants in a digital world.





The definition of computing here is not limited to what we may typically understand as pure ‘computer science’. Rather it is an amalgamation of the discipline that is computer science alongside digital literacy and information technology. It is important for children to have an understanding of how computers work and how to program them, but also how to use the tools that they provide to their advantage. Through understanding the world of technology around us, our children can learn how they can best harness its power to solve problems, innovate and express themselves. So, being able to create digital media and use the internet responsibly is covered alongside learning core programming skills.


Thinking skills are incredibly important, and you’ll have seen the term ‘computational thinking’ being used. Thinking skills will be covered in more detail in the next section and are important to understand as they are at the heart of the PoS alongside creativity.




AIMS







 


The national curriculum for computing aims to ensure that all pupils:


♦ can understand and apply the fundamental principles and concepts of computer science, including abstraction, logic, algorithms and data representation;


♦ can analyse problems in computational terms, and have repeated practical experience of writing computer programs in order to solve such problems;


♦ can evaluate and apply information technology, including new or unfamiliar technologies, analytically to solve problems;


♦ are responsible, competent, confident and creative users of information and communication technology





Broadly, in everyday speak, the Programme of Study aims to help children:


♦ understand the concepts and principles of computer science and its components


♦ be able to analyse problems using computational thinking and to have practical experience of programming solutions to problems


♦ be able to evaluate their use of technology and apply their knowledge to solve problems


♦ to use technology safely and responsibly


The following sections outline the subject content as defined in the PoS. The numbered referencing is my own and has been added for clarity. The original PoS can be found on the government website.2



Key Stage 1 (KS1)





Pupils should be taught to:


1. understand what algorithms are; how they are implemented as programs on digital devices; and that programs execute by following precise and unambiguous instructions





An algorithm is a precise set of rules or instructions for performing a specific task. Children should understand what an algorithm is, ideally by being able to read and recognise pre-written algorithms as well as constructing their own. Children also need to understand that these algorithms can then be implemented onto computers as computer programs. In order to do anything, a computer will execute a program and follow a precise and unambiguous set of instructions.




1.1. create and debug simple programs





Be able to write a simple computer program. For five-year-olds this doesn’t need to be any more complex then telling a robot to move three steps forward and one step right to reach an object. For example, a common type of robot used in schools is called the Bee-Bot, which is in the shape of a bee and can be programmed by pressing the arrow keys on its back to tell it what direction to go in. These Bee-Bots can be used in combination with playmats and different scenarios.


Debugging refers to removing the ‘bugs’ in the program, i.e. bits of faulty program code. So, imagine for example that a child programmed their Bee-Bot to go three steps forward and one turn right to reach the library, but they ended up at the bakery instead. You’d ask the child to look at their code and try to work out where it went wrong. Maybe they entered one step too many? Or turned left instead of right?


Essentially this is about being able to write and correct simple computer programs.




1.2. use logical reasoning to predict the behaviour of simple programs





Can they use logic to work out what an algorithm or computer program will do before it is executed? Maybe they’ve been given some instructions that draw a square. Can the child accurately read the instructions and predict that the outcome will be a square?




1.3. use technology purposefully to create, organise, store, manipulate and retrieve digital content





This is not necessarily about programming. This is the use of wider technology to be able to create, organise and manipulate information. The key learning here is being able to use and navigate technology comfortably, understand how to save their work, search the internet, Word-process a story, record a video, etc.




1.4. recognise common uses of information technology outside of school


1.5. use technology safely and respectfully, keeping personal information private; identify where to go for help and support when they have concerns about content or contact on the internet or other online technologies





Technology is not restricted to school. What technology do children experience outside of school? This may be the smartphones that their parents have at home but can also include their ability to recognise technology as they are out and about.


Online safety is an important factor to consider, and you’ll see this strand being repeated throughout the key stages. The key learning here is for children to be able to use technology safely, to learn respect, for example not to damage other people’s work or make hurtful comments online. However, it also includes teaching them ways to keep their personal information safe, and how to react and find help if something untoward was to happen.



Key Stage 2 (KS2)





2.1. design, write and debug programs that accomplish specific goals, including controlling or simulating physical systems; solve problems by decomposing them into smaller parts





In KS2 children begin to build upon their simple understanding of algorithms and programs. They begin to develop these with a sense of purpose. At Key Stage 2 children may well be introduced to how we can write programs to control physical objects. LEGO WeDo, Raspberry Pi, Crumble and Micro:bits are popular hardware items often used in schools here. However, lots of toy manufacturers have also released products that achieve a similar purpose. The game Scottie Go for example is a physical board game that also uses apps on your tablet device.


The concept of decomposition is formally introduced within the curriculum for the first time (although it may well have been covered earlier). Decomposition is the ability to take a problem and break it down into smaller chunks to make it more manageable and easier to solve. For example, when tackling a jigsaw puzzle you may choose to construct different sections first and then put them all together to form the complete puzzle. Decomposition is a computational thinking skill and will be covered later during that section.




2.2. use sequence, selection and repetition in programs; work with variables and various forms of input and output





Sequence, selection and repetition are programming concepts, as is the concept of variables. Children will be introduced to these concepts using graphical, block-based programming environments such as Scratch and Blockly.


The term ‘sequence’ refers to when instructions are written in a particular order such as ‘A, B, C’, one after the other. Selection introduces the concept of ‘IF’ – IF this criterion is true, THEN do this, ELSE it is false so do this. This is a conditional statement that enables a computer program to branch out and do different things. We can also find this concept in our everyday lives. For example, ‘IF’ it is raining THEN take my umbrella, ELSE leave home without it.


Repetition works when you tell the computer to repeat a set of instructions a specific number of times rather than having to write it out again and again. For example:




Repeat 4 times


Forward 10 cm


Right 90 degrees


End Repeat





The above algorithm draws a 10cm-sided square.




2.3. use logical reasoning to explain how some simple algorithms work and to detect and correct errors in algorithms and programs





Building upon KS1, children are to be taught to use their logical reasoning skills to be able to read and understand pre-written algorithms, to be able to explain their purpose and how they work as well as being able to spot and correct errors.


Being able to read and understand algorithms and code is an important step in the learning process towards becoming proficient programmers. Just as we learn to read and recognise words and sentences before we learn to write stories, it is useful to learn to read and understand algorithms and code before trying to write them. Being able to recognise when code doesn’t ‘make sense’ and consider what corrections might need to be made are all part of the learning process here.




2.4. understand computer networks including the internet; how they can provide multiple services, such as the world wide web; and the opportunities they offer for communication and collaboration


2.5. use search technologies effectively, appreciate how results are selected and ranked, and be discerning in evaluating digital content





Networks are to be introduced for the first time in Key Stage 2. Understanding how computers communicate with each other and are able to send information across great distances is an underpinning concept that unlocks children’s ability to understand a large part of the technology that surrounds us. The internet is a global network that impacts almost all areas of our lives, from banking and retail to smart homes including the use of smartphones, smart TVs and home AI assistants such as Alexa and Google Home.
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