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INSPIRE background and aims 
To understand Education 4.0, it is important to understand the Industrial Revolution (IR) 4.0. (Hussin, 

2018). During the 3rd IR, electronics and information technology were used to automate production 

Shwab (2016). The 4th IR is beyond an enhancement of the 3rd IR, in which the advancement of new 

technologies blurs the lines between the physical, digital and biological worlds. Hussin (2018) indicates 

Education 4.0 is a response to the needs of IR 4.0 where humans and technology are aligned to enable 

new possibilities. Still, it is important to consider the reported and known risks of IR 4.0 (Jones & Ng, 

2021).  

Fisk (2017) explains that Education 4.0 promotes learners to learn not only skills and knowledge that 

are needed but also to identify the source to learn these skills and knowledge. Learning is built around 

them as to where and how to learn and tracking of their performance is done through data-based 

customisation. Peers become very significant in their learning. They learn together and from each 

other, while the teachers assume the role of facilitators in their learning. The trends of Education 4.0 

shift the major learning responsibilities from the instructors to the learners. Instructors should play 

their roles to support the transition and should never consider it a threat to the conventional teaching 

profession. 

The INSPIRE project provides evidence on key interventions and continuing professional development 

(CPD) needs to enable an IR 4.0 research and development strategy for education. The project builds 

on an inclusive approach to inform further research proposals to impact and transform the education 

sector. Evidence generated by the INSPIRE pilot project can be used to develop further initiatives to 

align with external funder priorities. Currently, across the UK, there is no systematic pedagogical 

design or evaluation to support interdisciplinary teaching and learning to include IR 4.0 skills and 

knowledge. There is also no clear national strategy for schools and further education (FE) colleges to 

follow in how to embed IR 4.0 Artificial Intelligence (AI), Robotics and Internet of Things tools (IoT), 

skills and understanding into their teaching. Such a lack of an evidence-based research study impacts 

our young students and education system and further discriminates against disadvantaged and 

digitally excluded groups.  

The INSPIRE pilot study has applied a design-based research (DBR) methodological framework, 

embedding community of practice, to develop evidence and practice to address social exclusion in the 

workplace and society of 2030. The project three streams have been co-designed, involving schools 

and FE colleges throughout the process and engaging key stakeholders such as teachers, industry, 

academia, and local communities. INSPIRE project supports a multidisciplinary research strategy 

aiming to transform the digital skills gap in the education sector by bringing together the diverse 

expertise needed to pilot an evidence-based approach.   

The INSPIRE pilot project has been funded by the Research, Enterprise, and Scholarships (RES) 

Enterprise at the Open University. 
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INSPIRE methodology  
INSPIRE uses a DBR methodology; DBR is a research methodology used by researchers in the learning 

sciences. DBR is a concentrated, collaborative, and participatory approach to educational inquiry. The 

basic process of DBR involves developing solutions or interventions to problems (Anderson & 

Shattuck, 2012). An “Intervention” is any interference that would modify a process or situation. 

Interventions are thus intentionally implemented change strategies (Sundell & Olsson, 2017). 

Therefore, this project represents the first iteration with further research to be addressed in next 

iterations (see Figure 1). In the future, data analysis will take the form of iterative comparisons. The 

purpose of this research perspective is to generate new theories and frameworks for conceptualising 

learning and instruction. 

 

Figure 1. DBS first iteration provided by this project 

One positive aspect of DBR is that it can be employed to bring researchers and practitioners together 

to design context-based solutions to educational problems, which have deep-rooted meaning for 

practitioners about the relationship between educational theory and practice (Goff & Getenet, 2017). 

In the INSPIRE project, stakeholders have been involved in the co-design of the educational resources 

through its different streams. The project was divided into three main streams: 

• Robotics. Utilising a Mars Rover simulator 

• AI. Developing the use of machine learning through handwriting recognition 

• IoT. Using Arduino's to build and use small circuits. 

One key aspect is that current teaching approaches in the three streams are fragmented and do not 

bring the multidisciplinary stakeholders (including teachers and industry) together that are needed to 

address the pedagogical, curriculum, knowledge, tools, and skills. The co-design process with key 

stakeholders provides an evidence-based approach through (see Figure 2): 

1. Requirements gathering to design and develop a national platform of 4IR resources and tools, 

working with a community of practice to investigate: 

a. The digital skills gap. 

b. Curriculum challenges and opportunities working with stakeholders. 

2. Creation of CPD IR 4.0 resources and extracurricular activities working with teachers and industry 

to determine which subjects to utilise in developing interdisciplinary teaching that embeds 4IR, 

including: 

a. Co-design, development and testing of teaching resources. 
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b. Developing extra-curriculum resources for field tests with learners.  

3. Preliminary design and development of the evaluation framework. 

4. Sharing of findings to provide a summary of instrument development, to be presented as part of 

the policy engagement. 

5. Dissemination: Sharing of experiences and findings to support key stakeholders and broader 

community engagement. 

 

 

 
 
Figure 2. INSPIRE co-design methodology and Design-based Research (DRB) 

DBR provides a significant methodological approach for understanding and addressing problems of 

practice, particularly in the educational context, where a long criticism of educational research is that 

it is often divorced from the reality of every day (Design-Based Research Collective, 2003). DBR is 

about balancing practice and theory, meaning the researcher must act both as a practitioner and a 

researcher. DBR allows the collection of data in multiple ways and encourages the development of 

meaningful relationships with the data and the participants. DBR can also be used as a practical way 

to engage with real-life issues in education.  
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The INSPIRE co-design approach sets out the pilot to provide evidence of each of the outputs. The 

series of co-design workshops have brought together the stakeholders to develop shared knowledge 

to rethink the curriculum. The project has counted with the following external stakeholders besides 

the OU team (names have been removed to avoid identification from the evaluation as per the ethical 

agreement detailed below): 

• An external consultant with extensive experience in designing AI teaching and learning activities 
at the OU. AI stream leader.  

• Cyberselves Universal Ltd (robotic software and educational resources). Robotics stream leaders. 

• Schools: Harris Academy Orpington and Harris Girls' Academy Bromley (Collaborate and work on 
developing cross-curriculum IR 4.0 resources. These schools have high people premium as part of 
inclusion aims of the project)  

• FE MK College and Institute of Technology (engaging with and collaborating with Colleagues in the 
development of IR 4.0 skills for students). 

• National STEM Centre (network engagement with schools and teachers in disseminating resources 
and results) 

• MKAI and CISCO (bridging with Industry, Small and Medium Enterprises and broader communities) 

Therefore, while the Robotics stream is led by Cyberselves, the AI and IoT streams are led by the OU, 
including an external consultant for AI.  

The INSPIRE codesign has included IR 4.0 technologies for the design of electronic sensors, networks, 
data, cloud service and machine learning applications from the three strands. Including input in the 
curriculum regarding physics, maths, and Ethics (see Figure 3). For that purpose of educational 
resources codesign the OU team and external stakeholders had regular two hours online workshops 
every Wednesday (15:30 - 17:30) from 10 of March until the streams started their activities with the 
students in June, at that point, only catch-ups were produced every Wednesday in a reduced format.  

 

Figure 3. INSPIRE Educational Resources to codesign 

Those online meetings included a set of four key workshop sprints to decide on focus areas for the 
three streams (see Table 1). The aim was to develop 10 hours of resources for each teaching and 
learning activity streams. After the sprint meetings, particular meeting slots to focus on Robotics, AI 
and IoT specifics were set up. In parallel evaluation workshop meetings with the eval team were 
organised when required.  
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Table 1. INSPIRE key workshop sprints 

Workshop Date Key aspects discussed 

Kick off meeting 24 February 2021 

Overview of the project 
Aims and objectives 
What has been thought about so far  
Project study and Evaluation 
AI, Maths and Ethics 
Robotics and space 
IoT and the environment 
Curriculum  

Sprint 1 10 March 2021 Discussion about the area of the CS curriculum 
Level of programming 
Different areas of development from AI, IoT and Robotics team 
Problem-solving and society development and recognition 

Sprint 2 17 March 2021 

Sprint 3 24 March 2021 

Sprint 4 31 March 2021 

From the workshop sprints, the key content for the three streams was decided, and the format of 
delivery, meaning a total of three sessions per stream, which would be delivered in an after-school 
club (one session of one hour) and an intensive drop-down day (2 sessions of 6 hours in total) per 
stream. At the end of the three streams, there was a session where students presented their work as 
a wrap-up, see Table 2. Selected sample included a selection of 15 students from each school of the 
Harris Federation. 

Table 2. INSPIRE sessions per stream 

Stream Date Type 

Robotics 10 June 2021 Club (session 1) 

Robotics 15 June 2021 Day (sessions 2 and 3) 

AI 24 June 2021 Club (session 1) 

AI 25 June 2021 Day (sessions 2 and 3) 

IoT 1 July 2021 Club (session 1) 

IoT 8 July 2021 Day (sessions 2 and 3) 

All 20 July 2021 Final – presentations by students and feedback 

Discussions during workshop sprints explored learning outcomes of the pilot and the three streams 
including the curriculum, problem-solving and society development, and recognition to bringing in 
clear real-world context of the educational resources (see Appendix 1 for more detail). Python was 
the language selected for AI, which specifically works on Machine Learning applying to handwriting 
recognition of numbers. It was, as well, selected for IoT. While Blockly was chosen for the Robotics 
simulator environment that was set in the context of Mars mission challenges.  

Therefore, the delivery of the sessions was a mix of extra curriculum and drop-down days, giving more 
time to the discipline and to fit within the schools’ needs and provide an understanding of how this 
works in the curriculum. The sessions required prior set-up and access to resources by schools. 
Sessions’ delivery included the stream leaders and teachers from the schools. 
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INSPIRE evaluation framework 
Methods to gather data include questionnaires with the students and stakeholders before and during 

the sessions through the three streams use a mixed-methods approach (see Figure 4). Both students 

and stakeholders were asked to fill in a pre- and post-project questionnaire. In the case of students, 

the first club day. Both included quantitative (Likert) questions and open-ended questions with a 

qualitative perspective. Those questions were designed to capture differences in perceptions about 

the knowledge, digital skills, curriculum, and challenges before and after the project. 

 

Figure 4. Evaluation design 

Students were asked to fill in a short qualitative questionnaire at the end of each of the sessions in 

the streams (9 in total), following a reflective journal approach. A reflective journal is an account of 

students work in progress, but more essentially an opportunity for reflection on the learning 

experience. The idea of a reflective journal is to provide a means of engaging critically and 

analytically with the educational content (Plack et al., 2005). For that reason, 4 questions were 

repeated for each session: 

1. What was most interesting in this session? 

2. What is the best thing that you learned in this session?  

3. What was most challenging in this session?  

4. What would you like to do next (in relation to today’s session)? 

Students were given a unique ID at the beginning of the project by their teachers and lecturers, 

therefore no personal information that could identify them was gathered. The investigation team had 

no way of correlating or reverse-engineering the ID numbers to individual students. Due to the nature 

of this project participants include both stakeholders (those producing the materials, teachers, and 

lecturers) and students. Students comprise year 9 students at Harris Academy (two schools). IDs below 

15 were consigned to Harris Girls' Academy Bromley and values above 15 for Harris Academy 

Orpington. 

The OU team obtained a favourable Disclosure and Barring Service (DBS) check to participate in this 

research for working with children from the Harris Academy (under 16 years old). The students at the 
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Harris schools have been chosen by their teachers as having opted or suitable to opt to study 

Computer Science at GCSE.  

This project has been reviewed by, and received a favourable opinion from, The Open University 

Human Research Ethics Committee, reference HREC/4009/Charlton. 
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Pre project online survey 
Two different online surveys were created for stakeholders and students. 

Initial Survey for stakeholders 
The initial survey for stakeholders included 9 responses, the 4 stream leaders (2 for robotics), one 

representative from the Institute of Technology and 3 teachers from the Harris Federation. The initial 

survey is designed to capture the: 

• Personal knowledge on the different topics 

• Digital skills of students 

• Teaching and learning curriculum 

• Key challenges for learning the different topics 

Personal knowledge 

As indicated in Figure 5 stakeholders’ primary areas of interest (multiple answer question) is shared 

between the three streams being AI the most popular. 

 

Figure 5. Primary area of interest 

Stakeholders share a common knowledge in AI and IoT showing more expertise in robotics (Figure 6). 

 

Figure 6. Knowledgeable about the new technologies 

Digital skills 

When asked about the digital skills students should have, stakeholders inputs are varied: 
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• Creative problem solving will be a great skill to have, especially using technology. (P1) 

• The ability to use a traditional computer to complete basic tasks such as word processing and file management (P2) 

• Competent users, but new to specific disciplines (P3) 

• Confidence to try things, Knowledge to find answers (P4) 

• Touch typing, one or more programming language, practice cyber security (P5) 

• Ability to logically reason about how problems can be broken up into tinier pieces and solved. This is the precursor 

needed for any programming or technical work. (P6) 

• Computational Thinking skills - in other words, be able to solve problems using digital tools. (P7) 

• Students should know the principles of information and computation and 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. Student should be 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. (P8) 

• The ability to utilise application software, computer systems and IDE to effectively solve problems (P9) 

In case students do not have those skills, the best ways for students to gain them are: 

• With practical and group experience (P1) 

• Through teaching and practice using the OS and software required. (P2) 

• Practical, Hands-on (P3) 

• Practice, practice and practice with set tasks. (P4) 

• Online courses if they are motivated, school lessons if not (P5) 

• Experiment as much as they can in sandbox environments where the financial cost of errors is minimal but perceived 

cost of error is high enough to motivate the student. (P6) 

• They have to be specifically taught CT skills, and have them referred to regularly. (P7) 

• Students should gain these skills at school explicitly in lessons but also implicitly in the way the go about their day to 

day lives in an increasingly digital environment. (P8) 

• Through modelling and being provided with the opportunity to gain these skills during Computer Science lessons (P9) 

Those digital skills should be made accessible to a broad range of students by: 

• By using them more in the school curriculum (P1) 

• Teaching (P2) 

• Upskilling more teachers! (P3) 

• Curriculum in school and decent paid for training for competent teachers. (P4) 

• Publicly available facilities for taking online courses. Make resources accessible for visually impaired, dyslexic, etc. 

students (P5) 

• Learning resources, often in the form of videos for high reachability and freely available sandbox environments. (P6) 

• Scaffolded activities, interesting tasks, ideally outside speakers, plenty of differentiation for higher and lower ability 

ranges. (P7) 

• Computer Science is now a statutory part of the national curriculum at KS3 so this should be the main area digital skills 

are developed. (P8) 

• Through enrolment in free online sessions geared towards developing these skills (P9) 

Current students' careers will be impacted by robotics, AI and IoT in the following manners: 

• Hugely (P1) 

• I would imagine that it will be largely affected because these three areas well result in stone jobs that currently exist, 

not existing because the technology will do the job. Having knowledge and skills in these areas will make them more 

employable. (P2) 

• Awareness (P3) 

• They will co-exist, so get on board or get off the ship! (P4) 

• Students will need to work with in some way them whatever career they are in. Some current careers will be rendered 

obsolete (e.g., radiologist). (P5) 

• These are the biggest areas of technological reform today which will form the majority of the marketplace tomorrow. 

As such, learning about these technologies is essential for teaching the essential skills needed by the workforce of 

tomorrow. (P6) 
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• In ways that they and I cannot currently comprehend - but certainly AI-driven automation will converge with robotics 

and IoT. (P7) 

• Most industries have evolved into including elements of robotics, AI and IoT. More unskilled or manual jobs are 

replaced by automation but equally digital jobs like SEO that didn't exists two decades ago are also being automated 

using AI. So, these technologies can have a positive impact of making certain careers easier but also more competitive 

or redundant. (P8) 

• Students will now be provided with the opportunity to be more creative through programming robots to be productive 

(P9) 

Current students' careers will be impacted by having digital skills in robotics, AI and IoT considering: 

• Learning to work with machines will be key to thriving in the future workplace (P1) 

• Make them more employable as they will have skills that employers will look for. (P2) 

• 4IR in-demand skills (P3) 

• These are opportunities for interesting and productive careers in the UK. (P5) 

• Acquiring the skills to think about and use these technologies at such an early stage means they are already learning 

the skills they will need in their workplace tomorrow. (P6) 

• Digital skills for me should be underpinned by a logical mindset and a problem-solving approach - this will positively 

impact any career. (P7) 

• Students have greater career prospects and be able to further shape industries by having these digital skills. (P8) 

• They will be more marketable when applying for university and when seeking jobs due to an advanced STEM 

knowledge (P9) 

Stakeholders understand students have limited knowledge in robotics and AI and no previous 

knowledge in IoT (see Figure 7). 

 

Figure 7. Students’ knowledge 

The curriculum 

Figure 8 indicates the impact of the three technologies in diverse subjects, robotics is considered to 

have an impact on maths, science, design and technology, citizenship, and computing. AI impacts all 

subjects including history, English, modern foreign languages and music. IoT has an impact on maths, 

science, geography, design and technology, physical education, citizenship and computing.  



INSPIRE Fourth Industrial Revolution Teaching in the Classroom: Project report                   
 

14 
 

 
 

 
Figure 8. Subjects and impact by technologies 

When asked about an example if stakeholders agree or disagree with the following statement: “the 

teaching and learning curriculum should adopt a more interdisciplinary approach”. Participants who 

responded showed general agreement: 

• I agree, it would help make education more relevant to school children (P1) 

• Agree. Many jobs involved a variety of skills to be completed effectively. Specialising in one area has it uses but having 

a range of skills makes you far more employable. (P2) 

• Agree. Digital transcends all occupations, industries, and sectors (P3) 

• The world does not exist in silos. So why do we teach children this way? agree! (P4) 

• Without it, it is difficult to teach AI, robotics and IoT as they have an impact across the curriculum and their development 

and utilisation requires skills from across the curriculum. (P5) 

• I agree and this is because the workplace the students of today will be working in will be expecting students that have a 

better grasp of a range of subjects. (P6) 

• The technologies here converge, so that the sum of their parts is greater than their individual elements. It makes sense 

that we adopt an interdisciplinary, cross-subject, approach to teaching these, because they feed into so many facets of 

life and education. (P7) 

• I agree with this statement as helping students make connections with different topics from different perspectives or 

using different contexts strengthens their understanding. (P8) 

• I agree that the teaching and learning curriculum should adopt a more interdisciplinary approach because incorporating 

a number of disciplines into one particular discipline will significantly aid in students' development of STEM learning (P9) 

When asked about the subjects in which robotics should be integrated into the teaching and learning 

curriculum:  

• In as many as possible in preparation for later life (P1) 

• Yes. Computer science. Design and technology. (P2) 

• Computing and DT natural places (P3) 

• D&T in development, art in design, CS in development of software, maths in the calculations (P4) 
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• Robotics in science, maths and computing so that students become prepared to build robots. (P5) 

• Robotics can be integrated in Maths, Science and Computing as a means of making the problem being tackled, more 

concrete, i.e. bringing the problem into the physical space with the use of a robot. Doing this also shows how different 

disciplines feed into solving robotic challenges. (P6) 

• A proactive STEAM curriculum can make good strides with this, but ultimately it has to seep into different subjects almost 

as if by accident - to get to the point where the technology is just 'there' via a saturation point, like smartphones are 

now. (P7) 

• In design and technology, computing and physics I think there are opportunities for students to have a more practical 

experience which is how I see robotics being introduced. While there are simulations many students express and interest 

in building computers and I am sure this would extend to building a robot and actually interacting with the physical 

hardware and circuitry. (P8) 

• Robotics could be integrated into the teaching and learning of Design and Technology through the use of programmed 

machine to assist students to create items (P9) 

When asked about the subjects in which AI should be integrated in the school the teaching and 

learning curriculum:  

• Computer science. Modern foreign languages. (P2) 

• Computing, Maths and DT natural places (P3) 

• Science in problem solving/classification, music in production, PE in analysis of gait (P4) 

• AI in maths, computing, citizenship so that students become prepared to build AI systems and appreciate ethics. AI 

systems that are routinely used in activities such as mining historical texts or in language translation should also be used 

in class, to prepare students for the real-world. 

• Artificial intelligence is even broader than robotics and can be integrated with a number of subjects, not only STEM. 

Teaching AI helps students distinguish between what AI is capable and / or not capable of thus giving them the tools to 

better understand a world that is starting to incorporate AI in many different shapes and forms. (P5) 

• AI can be applied to so many subjects, including Geography, Sociology and Law - beyond just traditional Stem subjects. 

(P6) 

• The mechanics of AI should be taught more in Computing the applications should be highlighted in different subjects 

along with the implications of its usage. How does AI work for translators in MFL? (P7) 

• Artificial Intelligence could be integrated into the teaching of Biology by using appropriate devices to demonstrate its 

capabilities in listening to data, interacting with data, and extracting knowledge from data. (P8) 

Finally, when asked about the subjects in which IoT should be integrated into the teaching and learning 

curriculum:  

• Computer science. Geography. Design and technology.  (P2) 

• Computing. Science, Maths and PE natural fit (P3) 

• Science for measurements along with AI, Computing for programming skills... (P4) 

• IoT in science, geography, computing, and PE as this is where IoT is adding a lot of value. IoT in maths and science to 

prepare students to create IoT systems. (P5) 

• Internet of things can also be integrated in a multitude of subjects not only to teach the students what is possible when 

data is collected from a variety of interconnected sensors but also how that data is processed and analysed for the 

insights needed to make decisions based on that data. It teaches students the value of data and how to process it. (P6) 

• IoT still carries the whiff of DT about it, and this is no bad thing, but I think we will need at least another 5 years of 

working on interfaces and increasingly adopting the technology, before it moves out of the DT or CS lab and pervades 

other subjects. (P7) 

• Computer Science, Design and Technology and Geography are the main areas that I can see IoT being integrated 

explicitly. As with AI other subjects could implicitly teach about IoT in areas where it is relevant, especially around legal 

and ethical issues that you could find in a History or English lesson. (P8) 

• Internet of Things could be integrated into the teaching of networking in Computer Science (P9) 

Key challenges 

Regarding the key challenges in learning about robotics for students, stakeholders disclose: 

• To see how useful robots can be in helping humans and solving problems (P1) 
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• Getting them to understand that robots are only as good as the instructions they are given to complete their tasks. Not 

being able to build robots and program them. I feel that robotics needs to be taught in a practical way to enable 

students to make the links between code and machine. (P2) 

• Foundation understanding. Bringing abstract knowledge together (P3) 

• Cost of devices, skills of teachers. Sims are good, things are better. Limited curriculum. (P4) 

• Cost of getting real experience with robotics. (P5) 

• Key challenge in students learning robotics is content. Most of the educational content available today teaches 

programming more than it teaches robotics. (P6) 

• Lots to take in - vocab like actuators and sensors, and so many different types of robot. (P7) 

• Managing their expectations that learning robotics will not always involve physical robots could be an issue. Getting 

students engaged with both the hardware engineering and software development. (P8) 

• The lack of a good coding foundation (P9) 

While key challenges in AI include: 

• To understand and enjoy how ubiquitous AI will be (P1) 

• The technical nature of A.I. In my opinion, it is very difficult conceptually to pick up as to how it works.  (P2) 

• Foundation understanding. Bringing abstract knowledge together (P3) 

• Skills of teachers. Limited curriculum. Low-level/mid-level accessibility - it’s easy, it's fun, drag some stuff, change some 

parameters...then your head falls off. (P4) 

• It is a very broad subject with a vast array of applications. It involves big datasets and that can make it difficult to 

grasp. (P5) 

• Access to computational power needed to experiment with AI (P6) 

• Understanding the philosophy that underpins AI, especially the notion of general intelligence. (P7) 

• Student resilience and being able to get over the initial technical jargon learning curve to understand the basics of AI. 

(P8) 

• The lack of a good coding foundation (P9) 

Finally, key challenges in IoT are: 

• To embrace the joy of electronics (P1) 

• Having the practical applications to use and test it during their lessons. (P2) 

• Foundation understanding. Bringing abstract knowledge together (P3) 

• Cost of devices, Limited curriculum, skills of teachers, Limited curriculum (really) (P4) 

• The components and software are often not the most robust, leading to frustration when things don't work. (P5) 

• Access to resources that teach IOT. IOT hardware has become very affordable with platforms such as Arduino. (P6) 

• Currently lots of bits of kit that could easily be detached by nefarious fingers. (P7) 

• Ensuring scenarios for illustrating the use of IoT are relevant and engaging to students. (P8) 

• The lack of awareness of the various technological development present (P9) 

Initial Survey for students 
The initial survey with students included a total of 34 respondents (8 from Bromley and 26 from 

Orpington). This initial survey was designed to capture data from the three streams including previous 

knowledge and interest from students before participating in the pilot project. Questions for each 

stream included 5 Likert scale questions about: 

• Knowledge about the topic 

• Interest in the topic 

• Excitement to learn about the topic  

• Frighten to learn about the topic 

• Importance of the topic in their future 

Two open-ended questions: 

• Give two examples about the topic 
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• Why study the topic further in future studies 

Robotics 

Figure 9 includes the answers to the Likert questions about robotics. 

 
How knowledgeable are you about robotics? 

 
How interested are you to learn about robotics? 

 
How excited are you to learn about robotics? 

 
How frightened are you to learn about robotics? 

 
How important do you think robotics will be in your future life? 

Figure 9. Questions about Robotics 

Some examples provided by students about robotics are: 

• Wires and circuit boards and all that teamwork (1) 

• Machines that help people and the environment (3) 

• AI in medics - instruments to assist with operations. Space exploration - the voyager missions. (4) 

• Mars Rover, Tesla cars (5) 

• Check outs and medical assistance robots (23) 

• Animatronics, electronics (24) 

• Robots, microchips (28) 

• Roomba vacuum and robot dog aibo (29) 

• Alexa (34) 

Some explanations to study robotics further include: 
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• I am very fond of it and it would be very beneficial in my future (4) 

• Because I think it's the future and it would be very important to learn about. And I also want a job involving robotics (5) 

• I would consider taking it as I have a passion for STEM subjects and interested in robotics. (18) 

• I would like to study it I find computers interesting and I think it would help in the future (20) 

• I would like to study further at A level because I am really interested in it and I think that it will have a great impact on 

my future as I want to do something to with this (21) 

• I would like to learn how to fully build one and program one from scratch (22) 

• Why not, it would be interesting and would help me with computers and other electronics (24) 

• It would help with future jobs as everything revolves around technology these days. (25) 

• Degree because it will get me into the job of hopefully becoming an ethical hacker (28) 

• Yes, because I find it interesting learning about how robots can go in conditions, as humans we can't do like go to Mars 

and collect evidence and how they do that. (37) 

• I would like to study it further because it is a huge asset to our future and how we’ll work. Also, it’s quite intriguing (39) 

• Yes, because I would like to explore more deeply into how robotics work and the story behind it! (45) 

Artificial intelligence 

Figure 10 includes the answers to the Likert questions about AI. 

 
How knowledgeable are you about artificial intelligence? 

 
How interested are you to learn about artificial intelligence? 

 
How excited are you to learn about artificial intelligence?  

How frightened are you to learn about artificial intelligence? 

 
How important do you think artificial intelligence will be in your future life? 

Figure 10. Questions about Artificial Intelligence 

Some examples provided by students about AI are: 
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• AI helping/carrying out in operations (4) 

• The development of the robot brain (22) 

• Computers, electronics (24) 

• Robotics AI circumstances-controlled systems (35) 

• Self-driving cars and robot vacuum (37) 

• Siri, google home, Alexa (44) 

Some explanations to study AI further include: 

• It's fascinating learning about robots (17) 

• I would like to study artificial intelligence further because it is interesting and because I think that it will be a great asset 

to our futures (21) 

• I want to see how far we can get before they start making their own decision (22) 

• It would help with the robotics and internet things (25) 

• Higher so I can learn more knowledge and teach other (28)  

• Yes, because in the future artificial intelligence will be everywhere in the world and how humans will have to adapt to 

machines and robots do everything that you would normally do and how humans will be affected (37) 

• Due to Artificial Intelligence adapting it would be interesting to know what to expect in the future (39) 

Internet of things  

Figure 11 includes the answers to the Likert questions about IoT. 

 
How knowledgeable are you about internet of things? 

 
How interested are you to learn about internet of things? 

 
How excited are you to learn about internet of things? 

 
How frightened are you to learn about internet of things? 
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How important do you think internet of things will be in your future life? 

Figure 11. Questions about Internet of Things 

Some examples provided by students about IoT are: 

• websites and search engines apps (1) 

• Instruments detecting radio signals from space (4) 

• Google Chrome, Microsoft edge (5) 

• WIFI, connection and networking (18) 

• Social media and hackers (22) 

• How apps run, how to make a basic game (28) 

• Connected appliances and ultra-high-speed wireless internet (29)  

• Connected appliances and health monitors (38) 

Some explanations to study IoT further include: 

• I am interested in STEM subjects and may consider pursuing. (18) 

• Because I am interested in it and I think that it will be very intriguing to learn about (21) 

• Internet is used a lot these days (25) 

• Degree so I can get into ethical hacking (28)  

• I would because we use it in our daily lives (39) 

Comparison 

Table 3 shows the comparison between the quantitative questions in the three streams (from the 

lowest until the highest value). Students are indicating similar previous knowledge in the three areas. 

While interest is higher in robotics but similar in AI and IoT. Students as well seem more excited to 

learn about robotics and AI than IoT. They are not frightened about studying any of the topics and 

consider all are relevant for their future. 

Table 3. Comparison between streams 

Knowledge about the 
topic 

 

Interest about the topic 

 

Excitement to learn about 
the topic 

 

Frighten to learn about 
the topic 

 

Importance of the topic in 
their future 

 
 

Robotics Artificial Intelligence Internet of Things

Not knowledgeable at all 17.6% 23.5% 14.7%

32.4% 35.3% 41.2%

Neutral 44.1% 29.4% 32.4%

5.9% 11.8% 8.8%

Very knowledgeable 0.0% 0.0% 2.9%

Not Interested at all 0.0% 0.0% 0.0%

0.0% 0.0% 2.9%

Neutral 5.9% 20.6% 23.5%

44.1% 35.3% 44.1%

Very Interested 50.0% 44.1% 29.4%

Not Excited at all 0.0% 0.0% 0.0%

0.0% 0.0% 5.9%

Neutral 8.8% 26.5% 23.5%

47.1% 14.7% 41.2%

Very Excited 44.1% 58.8% 29.4%

Not Frightened at all 55.9% 67.6% 64.7%

32.4% 11.8% 17.6%

Neutral 8.8% 17.6% 14.7%

0.0% 0.0% 2.9%

Very Frightened 2.9% 2.9% 0.0%

Not important at all 0.0% 0.0% 0.0%

0.0% 2.9% 5.9%

Neutral 38.2% 26.5% 23.5%

26.5% 35.3% 38.2%

Very important 35.3% 35.3% 32.4%
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Robotics stream 
The robotics stream used some of the teaching resources from stem.org.uk – from Year 2, Robot 

Algorithms, but mainly utilises resources produced by Cyberselves and the Inspire team. The artwork 

was sourced to illustrate the introduction to robotics on “‘What is a robot” and Cyberselves created a 

simulation of the Mars Rover Perseverance1 (Figure 12), on which the majority of the schedule is 

carried out in a series of challenges that the students should overcome.   

 

Figure 12. Mars simulator from Cyberselves 

Table 4 includes the mapping of sessions and content. Visit appendices 2 and 3 for more detailed 

content about the robotics stream. 

Table 4. Content of the robotics stream 

Day Session Content 

Club 

Three streams: 

Intro 
Introduction to Robotics 

Something 

inspirational 

Mars Perseverance Rover Simulation Challenge 1: Learn to use Blockly to move the robot 

from A to B in a simulated Martian environment 

 Day 

  

  

Mars Perseverance Rover Simulation Challenge 2: Move from A to B avoiding fixed 

obstacles, using loops and hard coding. 

The Big 

Simulation 

Challenges 

Challenge 3: Move from A to B while avoiding moving objects, using dynamic coding. 

Challenge 4: Take rock samples in search for life 

Challenge 5: Construct a search pattern 

Ethics in 

Robotics 
Debate: Ethics in Robotics 

 
1 Mars Simulator, https://marssimulator.cyberanimus.com/ 

https://marssimulator.cyberanimus.com/
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Session 1  

Session 1 included 29 respondents and covered the robotics club (Table 5).  

Table 5. Robotics session 1  

What was most interesting in this session? What is the best thing that you learned in this session? 

• Learning about how technology will affect the workforce (16) 

• Learning basic structure of robotics (2) 

• Learning about the Mars robot (21) 

• There are many things I don't know yet (22) 

• Learning that we are going to be creating our own robots 
someday (24) 

• I don't know much yet (37) 

• How robots could eventually take over the world (40) 

• Machines will make many decisions (2) 

• The amount of data the Mars Rover has to consider (3) 

• The robotic dog response to your action (16) 

• Knowing that we are going to work with replicas that are 
on Mars (20) 

• Robotics control more than we think (22) 

• Learning about the machine and difference between 
robots and robotics (29) 

• There are possibly metals on Mars (36) 

• Robots can go on Mars and actually not die (37) 

What was most challenging in this session? 
What would you like to do next (in relation to today’s 
session)? 

• Using the website (1) 

• The Mars Rover simulation (5) 

• Coming up with new and unique ideas (22) 

• Well, we didn't do much but logging into my account was 
quite tough...(26) 

• There wasn't really anything challenging (35) 

• Trying to explain my answer (36) 

• Thinking deeply into AI (44) 

• learn more about sensors (1) 

• Programme and assemble a robot (18) 

• Learn and understand about artificial intelligence and 
robotics (21) 

• More practical work (22) 

• The Mars robot and learn more about that (25) 

• Exploring the machine in real life (29) 

• Learn more about robots and how you construct them (35) 

 

Session 2  
While session 2 had 38 respondents and covered Challenges 3 to 5 (table 6). 

Table 6. Robotics session 2 

What was most interesting in this session? What is the best thing that you learned in this session? 

• I think that the most interesting part was trying to get rid of 
the obstacles (2) 

• making a chain of commands for the Mars Rover (3) 

• talking about what makes a robot a robot (4) 

• Leaning to use the function and sensor commands to move 
around automatically against objects (6) 

• Figuring out how to move and program it so the Perseverance 
Rover locates the water etc (10) 

• How you can control the robot into the water or destination 
(11) 

• Learning the basics of coding (28) 

• Learning about how robots are going to have a big impact in 
the future. Also, the Mars simulation (35) 

• Attempting to learn programming on the Mars simulator 
even though it was very difficult (37) 

• pretty much everything, I really enjoyed today :) (48) 

• how there are very strong dust storms on Mars (2) 

• How to use the sensors to automatically detect objects (6) 

• That the robots can scan the obstacles so they don't bump 
into them or can see where they are (11) 

• Programmers that work with the Mars Rover have a very 
challenging job (18) 

• learning about robots and Rovers and how interesting 
robots actually are (20) 

• learning the shortcuts how to make it avoid crashing into 
objects (21) 

• learning how to use the different symbols to make the 
instructions for the robots (25) 

• How to use parts to code I didn't know before. For 
example, the "if ever" commands (26) 

• That if something doesn't work you have to be resilient 
and try again (28) 

• learned more coding, and completing the missions (30) 

• All of the new robots that people are coming up with and 
how they work (35)  

• It takes 7 months for the Rover to get from Earth to Mars 
(37) 

• What robots and robotics is really about! (44) 
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What was most challenging in this session? 
What would you like to do next (in relation to today’s 
session)? 

• understanding the definition of a robot (3) 

• navigating and finding the right directions to make the robot 
find the water (4) 

• Figuring out how to get the Rover to locate, move and get the 
obstacles or locate the water (10) 

• Getting the Rover to the water source in one click (16) 

• Being able to move the Mars Rover and complete in one run 
(18) 

• programming it right and trying to avoid it from crashing or 
going the wrong way (21) 

• Trying to figure out how all the coding blocks work (22) 

• making the robot avoid the obstacles as the levels get higher 
(26) 

• the most challenging part was making the Rover reach the 
water with obstacles in the way (29) 

• Everything about the programming was challenging to get 
the Rover move in the right direction and not to fall (39) 

• I want to learn how to build a pc (1) 

• Get taught how to code so the Rover can be safe and get 
to the water by me pressing run once (13) 

• Learn how to navigate a robot in one click (16) 

• I would like to do more robotics learning more about 
robots (20) 

• More familiar practical lessons (22) 

• create our own copies of the Rover (24) 

• try more of these lessons with controlling the robots (25) 

• Practise my coding skills more (26) 

• learn the basics of robotic development so I can base it 
around coding (28) 

• Learn something more about the real Mars Rover and how 
it works (33) 

• Learn more about the robots that are going to be made in 
the future and how they're going to affect our lives (35) 

• To understand fully how to programme (39) 

• learn about how life on Mars won’t work (40) 

• More programming on the computer! (44) 

 

Session 3  

Finally, session 3 covered the debate and had a total of 35 answers (Table 7). 

Table 7. Robotics session 3 

What was most interesting in this session? What is the best thing that you learned in this session? 

• I think the most interesting part was when we learned that 
machines could have a bias and make decisions on who to 
save and how different country's value different people and 
age groups (2) 

• The ethical thinking of robotics - pros and cons (18) 

• learning what the future is going to be like and how robots 
are going to have a lot of the jobs that we do (21) 

• That robots have a bigger impact on our lives than we 
thought (22) 

• learning that its inevitable to avoid robots being created (24) 

• learning about the ethics of robotics (29) 

• How robots are going to keep being made mostly because of 
money (34) 

• I find the videos about the robots interesting and the debates 
about the robots taking over jobs (35) 

• Learning about how smart computers are and how they are 
programmed (39) 

• Learning about the different types of robots that might 
potentially replace us (41) 

• Learning how many jobs could and will be taken over in the 
future and how robots will basically take over our World (44) 

• How to set it up so we don't have to repeat ourselves each 
time (11) 

• Learning about which jobs will be lost to robots (16) 

• I liked how I now know what that robots might be the 
future (20) 

• learning about how robots can perform surgery (21) 

• That people learning about the programming and coding 
will have an advantage further in life (22) 

• learning how dependable humans are on technology, how 
robots have no empathy and how in the future many 
people will be jobless because of robots. Without knowing 
about technology, it will be harder to find jobs in the 
future (23) 

• I learnt that I won’t have to worry about finding a job as 
long as I do computer science (24) 

• How much robots can do to impact our lives and future 
generations (26) 

• How much robots can complete and how easy it is for 
them to replace human jobs (32) 

• Knowing the possibilities of how many things robots can’t 
do due to lack of "empathy" and "sympathy" (33) 

• How robots can do so much things that humans can do 
(34) 

• the best thing I’ve learnt is that robots can’t complete 
certain tasks (41) 

• computer programming should be a courier I consider in 
the future 

• The best thing I learnt was that even though robots might 
end up displacing a lot of people, they are really helpful. 

What was most challenging in this session? 
What would you like to do next (in relation to today’s 
session)? 
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• Discussing: Is it ethical to allow robots to take over jobs? (16) 

• Knowing all the problems that the world will soon face but 
also knowing that you have no power to stop it (22) 

• Thinking about the wider impact robots would have in the far 
future - it was surprising how big an impact on human life 
they would have (26) 

• debating about whether robots should be made or not (29) 

• Thinking about how robots have impacted the world (34) 

• Personally, I didn't find anything challenging but I did find it 
interesting (37) 

• debating about if robots should be replacing people’s jobs 
because they are more effective and cheaper (38) 

• coming up with ideas and realizing the negative sides of 
robots (45) 

• lean about artificial intelligence (4) 

• How people feel about robots taking over jobs (16) 

• I would like to create robots (20) 

• I want to learn about the other things robots will be able 
to do in the future (21) 

• Find out how to code and program a robot like this and 
learn the amount of effort you have to put in (22) 

• learn more about how robots will take jobs and more 
about which jobs are most likely to get replaced by robots 
compared to least likely (25) 

• Study the development of the robots and attempt to 
create a robot (28) 

• I would love to create my own robotic pet (30) 

• Understand what other stuff robots can do (39) 

• make mini Lego robots that can be connected to the 
computer (41) 

• I would like to maybe do a little more research into ethics 
and how they originated (44) 
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Artificial intelligence stream 
The AI stream introduced concepts such as machine learning, neural networks and recognition of 

handwritten numbers using “stem.org.uk: Grand Challenge AI level 2”. The “Grand Challenges – Our 

Futures programme” aims to help young students develop the skills needed to bridge the gap between 

today’s learners and tomorrow’s career choices2. Level 2 is designed to use a visual-based 

programming language, for students to develop a program; students train, develop and test the 

program.  Students in this stream studied the concepts of neural networks and handwritten 

recognition (Figure 13). For that purpose, several Google tools are used such as QuickDraw3 and 

Collaboratory4. The AI ethics debate included how machine learning and artificial intelligence systems 

are being heavily invested upon within the National healthcare system.  

 
 

Figure 13. Examples of neural networks and handwritten numbers recognition 

Table 8 includes the mapping of sessions and content. Visit appendices 4 and 5 for more detailed 

content about the AI stream. 

Table 8. Content of the AI stream 

Day Session Content 

Club 

Intro to AI 

stem.org.uk “Grand Challenges” - Theme 3  

stem.org.uk “Grand Challenge” AI level 2: Activity 1 “Introduction” 

stem.org.uk “Grand Challenges” - Theme 3 wrap up the activity  

QuickDraw 
Humans doodle and guess. Calculate accuracy. 

Human doodles, computer gue2sses. Calculate accuracy. 

 Day 

  

  

Machine Learning Intro stem.org.uk “Grand Challenges - Theme 3 Activity 2 Machine learning  

Neural Networks 

What is a neural network? 

Draw a neural network 

YouTube Neural Networks and Deep Learning: Crash Course AI #3  12m30s 

Handwritten Numbers 

Python code: Introduction to Colab 

Python code: load and explore the data 

Python code: build, train and improve a Neural Network 

AI Ethics stem.org.uk “Grand Challenges - Theme 3  

 
2 Grand Challenge, https://www.stem.org.uk/resources/collection/459311/artificial-intelligence-resource-
package 
3 QuickDraw, https://quickdraw.withgoogle.com/ 
4 Collaboratory, https://colab.research.google.com/notebooks/intro.ipynb?utm_source=scs-index 

https://www.stem.org.uk/resources/collection/459311/artificial-intelligence-resource-package
https://www.stem.org.uk/resources/collection/459311/artificial-intelligence-resource-package
https://quickdraw.withgoogle.com/
https://colab.research.google.com/notebooks/intro.ipynb?utm_source=scs-index
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Wrap up Conclude the day and complete the questionnaire 

 

Session 1  
Session 1 included the AI Club with a total of 34 respondents (Table 9).  

Table 9. AI session 1 

What was most interesting in this session? What is the best thing that you learned in this session? 

• the quick draw it was really fun, and the computer guessed a 
lot of them (1) 

• Learning about how most social media sites get their money 
(8) 

• How artificial intelligence is all around of us and how it can get 
mostly everything right from drawing to handwriting (11) 

• Learning about how AI understands your speech (16) 

• Exploring the world of AI and how we use it in everything we 
use like social media, Google, Siri etc (18) 

• Learning about how widespread and everywhere AI actually is 
(26) 

• learning about how different app companies use artificial 
intelligence in their apps (37) 

• that the agreement pages for apps you download are 
steeling your data (1) 

• How AI can sometimes be wrong when it comes to human 
drawings (16) 

• knowing that we are smarter than artificial intelligence 
because we are not programmed (20) 

• That A.I. does not have its own intelligent but has copied 
the knowledge from many different humans (22) 

• how robots in a few years will be so similar to humans 
because technology will be developed (23) 

• Playing google quick draw, it fascinated me by the fact that 
it knew what we were drawing in a couple of seconds (32) 

• how artificial intelligence can recommend things to you 
based of your history (37) 

• It was using the google quick draw and seeing how quickly 
a computer can identify something (39) 

• computers trying to adapt and understand numbers and 
things and also google quick draw was really nice to 
understand how artificial intelligence works (40) 

• When we went through how google maps, Netflix, 
Facebook and Siri uses artificial intelligence (41) 

What was most challenging in this session? 
What would you like to do next (in relation to today’s 
session)? 

• Trying to figure out other people's drawings (8) 

• Drawing and guessing games also trying to figure out what 
Vinny is trying to draw (15) 

• I didn't find anything challenging however I learned that 
Google quickdraw was AI (17) 

• Nothing was particularly challenging however I found out the 
AI tries to know everything about you (18) 

• trying to work out what is artificial intelligence is vs what is 
programmed (37) 

• If it's possible, I would like to make my own artificial 
intelligence... thing (8) 

• Same thing but maybe do handwriting to guess what we 
have wrote and how accurate it is (11) 

• Find out how AI can understand what you are 
drawing/writing (16) 

• I want to understand how AI can learn and how it applies it 
to certain applications (18) 

• I would like to learn more about how artificial intelligence 
works (21) 

• find out what the humans who produce these robots think 
about robots potentially taking over the world (22) 

• I want to see how Siri and Google function and what more 
they do with the data. 

• Learn more in depth of algorithms (25) 

• I would like to know more about the background of AI being 
used in different apps (38) 

• To know how a computer is programmed with artificial 
intelligence and how it works (39) 

• I would like to programme computers using artificial 
intelligence (41) 

 

Session 2  
Session 2 include the “Machine Learning Intro, Neural Networks and Handwritten Numbers” sessions 

with a total of 33 respondents (see Table 10). 
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Table 10. AI session 2 

What was most interesting in this session? What is the best thing that you learned in this session? 

• Learning about neural diagrams, and how they can be used in 
recognising pictures (i.e. facial recognition, whether 
something in a picture is a dog or a plate of spaghetti, etc) (8) 

• How neural networks work from pointing out what the picture 
is or what they can see (11) 

• I found ANN very difficult because I didn’t really understand all 
the codes and stuff, but I liked it because it gave me a 
challenge to complete algorithms (2) 

• Trying to figure out how to get the best accuracy (21) 

• finding out how machines work out what different images are 
(30) 

• How computers find out handwritten numbers (32) 

• The Artificial Neural Network and how it works (33) 

• learning how to get the most accurate accuracy thing on ANN 
(37) 

• To find out how a computer identifies numbers (39) 

• That code teaches computers to learn numbers no matter 
what handwriting (40) 

• the fact that neural networks are very complex and very 
hard to program (2) 

• AI adapting and learning from the inputs of others (6) 

• That Google Captcha tests are nothing but lies and deceit 
(8) 

• Is how to draw one and label it so we know how long it 
takes to complete one of these (11) 

• How to get almost 100% accuracy for AI for numbers (16) 

• I liked to learn how machines work using AI (20) 

• How AI recognises a shape - through pixels (26) 

• when it got competitive and everyone was trying to get 
100% accuracy on ANN (30) 

• How machine's work out different objects, things or people 
(32) 

• To use the program code to try and get the highest 
accuracy (39) 

• the fact that I had a challenge and had to solve it and the 
competition part had me more entertained (42) 

What was most challenging in this session? 
What would you like to do next (in relation to today’s 
session)? 

• Learning how to read the data or drawing the neural network 
(11) 

• Understanding the process of learning (16) 

• To understand the concept of how ANN works (17) 

• Learning all the codes and what they do (20) 

• trying to get the highest accuracy (21) 

• The handwriting recognition (28) 

• Understanding how the network works and the codes in the 
handwritten numbers part (33) 

• Everything. It was a lot more challenging than the other topics 
(35) 

• To create our own neural networks (8)  

• robotically programming and teaching an AI (9) 

• Keep on trying new numbers for accuracy (16) 

• hopefully use these a game using code with accuracy (28) 

• Make my own device including artificial intelligence (32) 

• Learn more about all this in depth (33) 

• I would like to learn more about ANN (38) 

• I would like to know more about AI (39) 

• more of the handwritten numbers’ thing (43) 

 

Session 3 

Session 3 included the “AI Ethics” session with a total of 20 respondents (see Table 11). 

Table 11. AI session 3 

What was most interesting in this session? What is the best thing that you learned in this session? 

• debating about if Ai can replace jobs (4) 

• That when we debated there was a two-sided story towards 
that situation where should we blame the person or the 
machine (11) 

• Debating whether the doctor was negligent or not (16) 

• Debating a case that should have been dismissed from the 
very start (22) 

• The advantages and disadvantages to AI used in healthcare 
(33) 

• learning about artificial intelligence in medicine and doctors 
(37) 

• Learning the future of AI in healthcare and the pros and cons 
of it (39) 

• how AI is slowly taking our jobs (3) 

• learning about how AI can affect our future (4) 

• the pros and cons of an ai deep learning algorithm (5) 

• How that machine has an extreme percentage of what 
they can see nearly at 90% clear of what the output was 
(11) 

• How the NHS would have been liable to AI mishaps (33) 

What was most challenging in this session? 
What would you like to do next (in relation to today’s 
session)? 

• trying to understand the AI (3) 

• coming up with arguments in the debate (4) 

• making points for the debate (36) 

• I want to learn about how robots think (4) 

• hands on building and electronics (5) 

• More ethical discussions (17) 
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• understanding the difference between artificial intelligence 
and programming (37) 

• More debates/ practical tasks (22) 

• Learn in depth (33) 

• more AI stuffs (37) 
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Internet of things stream 
For the IoT stream, each student got their individual Arduino kit and an IoT booklet was created for a 

set of challenges. The strand was designed to introduce the concept of IoT, IoT describes the network 

of physical objects (things) that are embedded with sensors, software, and other technologies to 

connect and exchange data with other devices and systems over the Internet. Discussion in the 

sessions included subjects that can make use of IoT devices and ethical considerations. Students 

worked with the kit solving a total of 4 challenge tasks (see Figure 14). 

 
Figure 14. Arduino challenge set up 

Table 12 includes the mapping of sessions and content. Visit appendices 6 and 7 for more detailed 

content about the IoT stream. 

Table 12. Content of the IoT stream 

Day Session AI 

Club 
Something 

inspirational 

Introduction to Internet of Things making invisible data visible 

What kind of things can be connected to the Internet & Why? 

IoT key projects and examples  

subjects which could make use of IoT devices 

Day 

The Big hands-on 

Challenges 

Design Challenge: Given a set of sensors – work on several tasks 

Build project Challenge 

Report back 

Ethics 

Introduction to Ethics in IoT – what might be some of society benefits and 

Challenges 

Internet of Things ethics debate 

Session 1  

Session 1 included the IoT Club with a total of 26 respondents (See Table 13).  

Table 13. IoT session 1 

What was most interesting in this session? What is the best thing that you learned in this session? 

• Learning about the various ways that IoT can be incorporated 
into our day to day lives (i.e., smart mirrors) (8) 

• We learnt what IoT means which means 'internet of things' 
and how it is all around us in devices (11) 

• How technology is being used more in the world every day 
(19) 

• That there is such a thing as smart mirrors! 

• The meaning of the whole phrase and if the devices are 
useful or not. 

• That people want to make a mirror that can play videos 
and search on the internet, just like the phone 

• how internet of things can come in many different forms 
to help humans 
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• Finding out about how the internet of things id involved and 
could be involved in everything in our everyday life (26) 

• learning about the different uses of internet in our day-to-day 
life (29) 

• Finding out how common IoT is used on a day-to-day basis 
(26) 

• The in-depth links of IOT to the world (33) 

• How so many things are being invented without people being 
aware that they even exist (34) 

• Knowing that there are so many things being invented in 
the world without many people knowing. 

• how technology is going to be put into things like farming 

• To know how IoT is advancing. 

What was most challenging in this session? 
What would you like to do next (in relation to today’s 
session)? 

• Knowing what internet actually means (5) 

• Trying to think of ways that IoT can be incorporated into 
school subjects (8) 

• Listening to the robot explain the ethics of IoT (16) 

• Deciding whether the new products will be useful or useless 
(28) 

• Start making an Arduino (8) 

• Do something practical with the IoT (22) 

• Research on the new smart product plans for the future 
generations (28) 

• Learn more about internet of things and how it works (33) 

• Learn how to build an IoT invention (39) 

 

Session 2  

Session 2 included the “Big hands-on Challenges” session with a total of 32 respondents (See table 

14).  

Table 14. IoT session 2 

What was most interesting in this session? What is the best thing that you learned in this session? 

• Programming our Arduino to communicate in morse code (8) 

• learning how to make a circuit to let a button make a light 
flash (11)  

• Making the LED light to blink (17) 

• working with the Arduino boards and connecting the wires 
building circuits (20)  

• Being able to make a circuit with the Arduino (23) 

• The Arduino board and making the circuits (33) 

• Trying to get the LED to blink at the right time on the Arduino 
(39) 

• Seeing the different code writings and learning what some of 
it meant (44) 

• How to get the LED light to turn on and off and for 
different amounts of time (16) 

• How to make Arduinos work (17) 

• how to build circuits (20) 

• Learning different components of coding such as 
variables, comments and functions (26) 

• I’ve gained some knowledge on Arduino boards (30) 

• The few understandable facts about the Arduino boards 
(33) 

What was most challenging in this session? 
What would you like to do next (in relation to today’s 
session)? 

• Figuring out how to programme my Arduino to use two 
buttons to activate the LED (8) 

• trying to figure out the program on the computer (12) 

• getting the Arduino boards to flash and light up, also to 
create a beat with the flashing (20) 

• Remembering how variables, comments and functions work 
and using a button to make LED lights light up as it was 
frustrating to make it work (26) 

• trying to follow the steps to get the Arduino to blink and do 
lots more (30) 

• Most of it, mainly understanding the booklet (33) 

• making errors in the connection and retrying until it works 
(45) 

• The same thing but easier instructions that work (16) 

• Easier versions of projects for Arduinos (17) 

• Anything that is not boring, and it is not too challenging 
and hard to figure out like Arduino (19) 

• working more with the Arduino boards and challenge 
myself to do things outside of the box (20) 

• Something to do with the Arduino circuit such as creating 
sensors with clear instructions, so it is easy to follow and 
understand (26) 

• I would like to do more on coding so that its easier (29) 

• I would love to try and create something using the 
Arduinos, or be able to control something (30) 

• Anything more interesting/easier than Arduinos because it 
was very challenging (34) 

• I hope to understand how to code the Arduino Boards 
more (35) 

• do more Arduino boards but individually not in pairs (37) 
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Session 3  
Session 3 included the “Ethics” session with a total of 29 respondents (see Table 15).  

Table 15. IoT session 3 

What was most interesting in this session? What is the best thing that you learned in this session? 

• Talking about future careers and how IoT devices may be 
integrated into them (8) 

• how all of the things we have learnt about will be in our 
future dream jobs (11) 

• Watching a video and learning about the internet of things 
(26) 

• Finding out how IoT has been used to convict people (29) 

• The Arduino board and how it links to Robotics, Internet of 
things, etc (33)  

• Making our own projects using the Arduino (34) 

• Using the cables and learning how the different parts work 
(46) 

• How involved IoT is with our world (5) 

• The ethics of various IoT devices (whether developers are 
liable for accidents, damage, etc) (8) 

• How malfunctions with IOT can have serious 
consequences (16) 

• How the inaccuracy of IoT affects the world (17) 

• Doing a project of my preference using the Arduino 
circuits (26) 

• Forming my own Arduino board structure, though, when I 
imported the code, it wouldn't work due to an error and 
there wasn't enough time at the end (33) 

• The process behind the led to light up using the Arduino 
and circuits (39) 

What was most challenging in this session? 
What would you like to do next (in relation to today’s 
session)? 

• Discussing ethics. I'm not good at that (8) 

• Following the projects (17) 

• getting the bulb to light up by building a circuit (21) 

• Making the traffic lights with the Arduino (25) 

• getting the circuits to perform the way they are meant to (29) 

• Turning it on and off (Arduino) (32) 

• trying the circuits multiple times to try turn on the light bulb 
(38) 

• the coding is really specific like if u miss a space or a 
semicolon or space it will be an error (40) 

• Remembering what the different code meanings (44) 

• Anything, that can relate to the progression of The 
Internet OF things (6) 

• More ethics talk (16) 

• More about the IoT effects in society (17) 

• try out more Arduino projects to make it easier (29) 

• Learn more in depth of the Arduino boards and the 
Internet of Things (33) 
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Final project online survey  
Two different online surveys were created for stakeholders and students 

Final survey for stakeholders 
The final survey for stakeholders included 6 responses, the 3 stream leaders and 3 teachers from the 

Harris Federation. The Final survey is designed to capture: 

• Digital skills of students 

• The robotics sessions 

• The AI sessions 

• The IoT sessions 

• The future   

Digital skills 

When asked about the digital skills students have acquired in the project, stakeholders input indicate 

students have some knowledge or are knowledgeable in the three strands, but less in AI (n=4) (see 

Figure 15). 

 

Figure 15. Students’ knowledge 

The robotics sessions 

When asked about ways the robotics sessions were successful for students, stakeholders indicated: 

• Students enjoyed working with the Mars rover simulation. (P2) 

• Students enjoyed discussing about how robotics will change the future of employment and how the technology will 

eventually force people out of work. Several students’ minds were opened to this possibility. (P4) 

• The simulator was fun and engaging for the students. (P5) 

• Engaging and interesting (P7) 

• The mars simulation was quite engaging. I think students found the context quite relevant and current as well as being 

a bit more mature than block-based programming in scratch projects. The gradual increase in challenge was good too. 

(P8) 

When asked in what ways the robotics sessions were unsuccessful:  

• The tasks set for the Mars rover simulation were lost and a little confusing for the students. They were only focused on 

getting to the water. Student solutions were hard coded, so when the level changed (in terms of difficulty) they had to 

start again. Students lacked the necessary coding skills to really use the simulation. (P2) 

• The tasks were a little unspecific - instruction was limited (P4) 

• Quite laggy on the web interface (P7) 
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• IT was not always obvious what the rover could be programmed to do so if the host wasn't sure it was hard to model 

to students’ possible ways of creating solutions to the challenges. (P8) 

In terms of the usefulness of the robotics sessions for students: 

• Students were given an understanding of how robotics and the developments it is showing will change the world. They 

were given practical tasks that enabled them to see how and why robots are used (mars rover sim). (P2) 

• (relatively) real life scenarios, gave students an insight into the use of remote robotics. (P4) 

• Enabled them to see the future potential of the technology (P7) 

• The sessions helped students think outside the box a little exposing them to far more applications of robotic then they 

previously knew. The session also prompted them to start think about AI and how the two tend to go hand it hand. (P8) 

When asked what could be improved in the robotics sessions, stakeholders indicated: 

• Coding tasks should be more defined, so students know exactly what it is they are required to do. Could they have built 

and programmed a small robot to something basic like transport a sheet of paper? This would have enabled them to 

see the loop of sense, decide and then act. (P2) 

• The specificity of tasks to work towards (and accompanying documentation) (P4) 

• Perhaps shorter, sharper activities (P7) 

• For students with no programming experience, it was harder to incorporate loops and sub routines into making their 

code more manageable on the harder tasks. Most of the students’ programs were just long lists of sequential 

instructions. Some pre-written solutions would have been helpful to model what you could program the rover to do. 

Perhaps having some PRIMM style challenges where students simply needed to modify the blocks would have made 

some challenges more engaging. (P8) 

Challenges identified in the robotics sessions, and how they challenges could be addressed in the 

future include: 

• Coding is always challenging to teach when students are inexperienced as many of them require help because they do 

not understand what they have created. To fix this: 1) better ratio of student to teacher, 2) a how to guide to enable 

students to work things out on their own, 3) tasks that are more clearly defined with clear success criteria (P2) 

• Without specific new *obvious* challenges the attention span of the children waned. Make a bigger deal of challenges 

(and move the water) and split the sessions with some videos. (P4) 

• Core understanding of robotics - a bit of prior learning on this would be useful before the sessions. (P7) 

• Having shorter challenges with more scaffolding to model how create the solutions. More structure around the ethics 

debates. (P8) 

When disclosing additional foundational knowledge that could have been useful for the students, 

before they participated in the robotics sessions: 

• Programming (particularly using Scratch) (P2) 

• Some experience of programming - particularly loops - could have helped. (P4) 

• Block based programming and basics of computer systems. (P8) 

The AI sessions 

when asked about ways the AI sessions were successful for students, stakeholders disclosed: 

• Students enjoyed the debate about the doctor using an A.I machine to identify cancerous cells in an x-ray. Lots of 

thought-provoking points made. They enjoyed using the number recognition code. (P2) 

• Students enjoyed improving the accuracy. Some of the videos were great. (P4) 

• Shows how AI can be used in so many ways. (P7) 

• Students were able to understand the basic mechanics of AI and could relate it to many applications they use on a daily 

basis that collect so much data. (P8) 

When asked in what ways the AI sessions were unsuccessful:  

• Theory about artificial neural networks was too complicated for students. (P2) 

• The maths was too much - had to be skipped over. (P4) 
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• Neural networks were quite complex as a concept (P7) 

• The session was quite text heavy and required a bit of quick abstraction as to what students could ignore. (P8) 

In terms of the usefulness of the AI sessions for students: 

• 1) They gained an understanding of what AI is and how it can be very useful. 2) They considered many ethical aspects 

that AI is becoming a part of. 3) They learned that AI already exists. (P2) 

• Students gained an insight into the technical difficulties of AI - but also some of the opportunities afforded by it (P4) 

• Ethics sessions really well debated. (P7) 

• Students were able to see how simply a problem needed be broken down to before AI could be implemented. It 

debunked some myths about AI taking over but exposed them to how many different everyday applications they use 

(like social media) already use AI. (P8) 

When asked what could be improved in the AI sessions, stakeholders indicated: 

• Easier information to digest and understand for artificial neural networks (for staff and students). (P2) 

• Less maths more do. I do wonder if we could have done a second session instead of drawing neural nets etc (P4) 

• Perhaps reduce the complexity and slow it down. (P7) 

• The session and sub sessions were really well planned. Some further formatting of the AI algorithm in colab may have 

made it easier to know what to focus on and ignore. (P8) 

Challenges identified in the AI sessions, and how they challenges could be addressed in the future 

include: 

• When working with AI code for number recognition, some programs were taking many minutes (10+) to complete 

because of changes students made. Is there a way we could have steered them to make changes that would improve 

accuracy, but not take ages to run and complete? (P2) 

• The maths sent the kids to sleep - they're too young for it. (P4) 

• The session would be difficult to deliver by a none-specialists without having had a previous walk through or tutorial. v 

When disclosing additional foundational knowledge that could have been useful for the students, 

before they participated in the AI sessions: 

• Programming knowledge (P2) 

• Possibly image theory? (P4) 

• Core knowledge of very basic AI algorithms (P7) 

• A glossary for key vocabulary (P8) 

The IoT sessions 

When asked about ways the IoT sessions were successful for students, stakeholders disclosed: 

• Students enjoyed playing with the Arduino’s. (P2) 

• In HAO most students were able to complete most of the activities - and some showed more comprehension than 

expected. (P4) 

• Shows the potential of IoT technology (P7) 

• Very hands on and students really enjoyed the practical aspect of the day. (P8) 

When asked in what ways the IoT sessions were unsuccessful:  

• Challenges set to students with no experience of Arduino's were too challenging for them. I had to guide them through 

the first 2 tasks as they were unable to use the booklet by themselves. (P2) 

• Some computers behaved very oddly. There were a few minor oopsies in the material. And the school network blocked 

the updates needed for the network-based session (P4) 

• Quite fiddly with some of the Arduino kit (P7) 

• Internal coordination at the school was a bit of a challenge to fully test the hardware and software. Students could not 

use the sensors which were the main part of the project. (P8) 

In terms of the usefulness of the IoT sessions for students: 
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• Good to see how sensors are used. Good to get 'hands on' with equipment to build a circuit and complete tasks. (P2) 

• Students were able to get hands on with hardware which increased interest and motivation. (P4) 

• They realised just how pervasive IoT is, and will be (P7) 

• Introduced students to the hardware element of IoT and that it does not purely involving working on a computer. (P8) 

When asked what could be improved in the IoT sessions, stakeholders indicated: 

• The guide should have been condensed into bullet points (particularly for the tasks) so that students could digest the 

steps more easily. The ethics debate could have had a task to complete to reinforce what they have discussed. 

Something as simple as, did you agree with the points in the clip? If yes, why? (P2) 

• Better proof-testing of the documentation, proper testing of all parts by school technicians, less reading/more bullet 

points - a pre-run with the teachers in person. (P4) 

• More modularised activities. (P7) 

• Mini-video tutorials / step guides for assembling the Arduinos (P8) 

Challenges identified in the IoT sessions, and how they challenges could be addressed in the future 

include: 

• 1) Tasks too complex - Simpler tasks, 2) Hardware not always working as expected - Get software installed properly 

and not use a workaround (USB's). This would enable all features to be used. (P2) 

• Challenges connecting the kit to our PCs.  (P7) 

• Some of the circuits did not always work so some troubleshooting tutorials would have been useful. (P8) 

When disclosing additional foundational knowledge that could have been useful for the students, 

before they participated in the IoT sessions: 

• 1) Programming, 2) Electrical circuit knowledge (P2) 

• None, I think we got this one right. (P4) 

• Some understanding of sequence, selection, iteration and text-based programming. (P8) 

The future  

When asked about what to do differently if doing the same project again, responses include:  

• Better ratio of staff to students - 1 staff to 28 students was too much. (P2) 

• More prep time on projects - more chunking - more proofs/checking. (P4) 

• Do our own version of the AI STEM.org.uk presentation, with more information for teachers on it. (P5) 

• Extend the timings - they could easily be half a term/a full term's work. (P7) 

• Spend more time double planning the sessions. Presentation and mini activities outside of the main tasks. Provide clear 

step by step of what the facilitators are doing and what the students are doing. (P8) 

Ideas about how to scale up the project are:   

• Robotics simulations and very high-quality digital resources around 4IR technologies could be made available to 

schools from a national repository/centre of excellence (P1) 

• Staff require training to lead - all 3 sessions required practice and there was not enough time to get this done. 

Resources need to be designed and reviewed (with more time and understanding by staff) so that they can be made in 

a way that students can access more easily. (P2) 

• Would really need to get deliverers into a room for 3 days and work through the material in person with them. (P4) 

• A video tutorial for teachers to show them how the AI code activity works. Some easy way to get all students able to 

access Colab (or similar code environment) (currently each needs a google account login). (P5) 

• With plenty of consultation with other professionals, including for example CAS hubs. (P7) 

• Sequence the project over 6 lessons per strand. Having a clear lesson objectives and outcomes (what students will 

know and be able to do). Introducing some of the practical skills and spacing them over time would probably see 

students achieving more advance outcomes. The AI and Robotics models would work well as a computer systems and 

programming unit of works which both interleave ethics. (P8) 
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Regarding the training that should be given to teachers, to enable them to deliver these sessions on 

their own: 

• As well as more specific training in 4IR technologies such as robotics, AI and IoT, it would be useful to help teachers to 

gain a better general understanding of new technologies and how they interact with each other. (P1) 

• Training on anything that needs to be built (Arduino's) or used (mars rover and number recognition software) to allow 

them to be more knowledgeable and support students more effectively. (P2) 

• A single set of teaching notes plus a video talking them through the topic and showing the activities. (P5) 

• Plenty of training on core concepts required, or perhaps video overviews. (P7) 

• Future learn style course with video tutorials and the MCQs to check students understand materials and best way to 

deliver. (P8)  

When proposing ideas to use these sessions in other subject areas like humanities and arts: 

• Absolutely - the more that students of all subject areas are helped to attain a better general understanding and facility 

with technology, the more they will be able thrive in the future workplace. (P1) 

• The ethics sections could be combined with subjects like law and sociology to enable learners to see that these 

technologies will impact society and therefore laws will have to be introduced to monitor good uses and bad uses. At 

this current point, I feel it would be very difficult to liaise with other staff in different areas because the sessions are 

very focussed on the skill of programming. This is the skill that all 3 streams have in common. (P2) 

• The AI ethics section could be used in humanities. A different AI code activity could be developed that would generate 

art works. (P5) 

• Interleaved with other areas of the curriculum (P7) 

• IoT session would link nicely in a Geography session. Applications of AI could link well to sociology, business and 

economics. (P8) 

Final survey for students 
The final survey for students included a total of 24 respondents (8 from Bromley and 16 from 

Orpington). This final survey was designed to capture data from the three streams including 

knowledge and interest from students while participating in the pilot project. Questions for each 

stream included 5 Likert scale questions about: 

• Knowledge about the topic 

• Interest in the topic 

• Excitement to learn about the topic  

• Frighten to learn about the topic 

• Importance of the topic in their future 

Two open-ended questions: 

• Give two examples about the topic 

• Why study the topic further in future studies 

Five specific questions for each of the streams were designed by their leaders, one question was about 

ethics.  

Robotics 

Figure 16 includes the answers to the Likert questions about robotics. 
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How knowledgeable are you about robotics? 

 
How interested are you to learn about robotics? 

 
How excited are you to learn about robotics? 

 
How frightened are you to learn about robotics? 

 
How important do you think robotics will be in your future life? 

Figure 16. Questions about Robotics 

Some examples provided by students about robotics are: 

• smart fridge and a tesla (2) 

• tesla car and automatic crane (5) 

• Robotic Arms, Self-Driving Car (6) 

• drone and a fridge (12) 

• Mars Rover (16) 

• Roomba, Alexa/Amazon echo/Google (22) 

• Roomba vacuum, robot dog (28) 

• the Roomba vacuum, robotic assistances (32) 

• vacuum cleaner and machines that help make cars (42) 

Some explanations to study robotics further include: 

• I can work from home and it pays good so that’s good (2) 

• yes, because I want a job in the future that involves robotics (5) 

• Yes, for my dream job as a programming engineer (6) 
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• I am interested in robotics and computer science, and would like to study robotics further, but perhaps as a sort of hobby 

or an "outside of school" project, as I have already decided what I will study in-school in the future. (8) 

• robots can take over future jobs over the coming years (20) 

• I would soon like to learn how to build one from scratch to see how much goes into making it (22) 

• It is very engaging and will have a huge impact on my future and career (26) 

• yes, because it will help me get a good career (29) 

• It can help me in the future. It is also very interesting (35) 

Answers for robotics five focused questions about acquired knowledge during the sessions are 

represented in Table 16. 

Table 16. Specific knowledge questions about Robotics 

In what ways is a robot different from other machines? What is the robotics loop? 

• Machines can precisely repeat predetermined motions. Robots 
can do that too, but they can do even more. ... A robot can 
precisely repeat the task written in its instructions while 
moving smoothly like a human arm. Machines and robots are 
used in many places inside our factories. 

• It can be linked with AI making it more independent (2) 

• A robot is able to effectively make decisions on how to properly 
complete its tasks, with little to no human intervention, while 
a machine cannot make decisions independently (8) 

• because you can program them and them leave them alone 
(12) 

• these robots can have activities like humans, maybe to move 
an arm, walk and other things (20) 

• Robots have AI while machines used a fixed program (22) 

• machines complete one or two tasks whilst robots can 
complete any task you give it as long as it is appropriate and 
isn’t impossible (24) 

• Machines can precisely repeat predetermined motions. Robots 
can do that too, but they can do even more. ... A robot can 
precisely repeat the task written in its instructions while 
moving smoothly like a human arm. Machines and robots are 
used in many places inside our factories (2) 

• it’s when a robot repeats a tasking over and over again until 
told to stop (5) 

• Command's that are set on repeat. (6) 

• When a robot is programmed to complete the same set of tasks 
repeatedly. (8) 

• sense, infer and act (30) 

What are the benefits of using a robot, rather than humans, to 
search for life on Mars? 

In what ways, if at all, do robots pose a threat to humans? 

• they require less money and needs less resources can be 
remotely controlled and are much safer than sending a human 
to mars (2) 

• you don’t have to pay robots, they don’t have emotions and 
they never get tired (5) 

• A robot doesn't need to eat, sleep, doesn't need to "visit family 
and friends on earth", and can also survive the harsh conditions 
of space and Mars... like the lack of oxygen for breathing (8)  

• They don't need supplies (e.g. food and oxygen) like humans 

• the robots can drill into the planets, the robot have more 
functions than humans (16) 

• robots do not need sleep and it is much safer for a robot 
(soulless) to go explore rather than a human (30)  

• Robots do not rely on food or water meaning they will be able 
to last longer on mars. They also do not need sleep meaning 
that they can search 24/7 (32) 

• There may be dangerous/harmful things that humans may not 
know about (35) 

• they lack empathy and human emotion and it could be hard for 
them to make a decision based on morals and could make a 
wrong choice leading to problems etc (2) 

• Too much independence can lead to it rejecting its master's 
command (6) 

• They could take our jobs, and leave many unemployed, 
homeless and starving. Secondly, while they the desire to kill, 
they also lack the moral urge to resist it, and their lack of 
empathy may lead to accidents. (8) 

• it could pose a threat because something can always go wrong 
when programming a robot to do certain activities (20) 

• Glitches that could harm humans and taking over too many 
jobs (22) 

• if they malfunction, they could attack a human (3) 

• Robots pose a threat to humans because in the future they may 
be able to take human jobs (32) 

• They may take quite a few peoples jobs leaving them homeless 
and poverty (35) 

Should robots have rights in a similar way that a human has rights? if yes, please explain why. 

• no at the end of the day they are machines and man-made if they are sentient, I think that it is merely an algorithm and nothing more 
(2)   

• No, Robots can be made a lot of powerful than Humans, their memory, strength and knowledge outstand a regular human (6) 

• No, until they develop a conscience, they do not require rights (8) 

• yes, because they work harder than humans most of the time (12) 

• they do, they possibly have even more functions than we do, they could adjust the magnification at what they see things at whilst we 
can’t (20) 

• Maybe, depends on how much Artificial intelligent you give to the robot, don't harm robots for fun (22) 
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• no, these things don’t have emotions and are made to serve the humankind, not work by the human’s side (24) 

• Not really because humans are living things whereas robots need to be controlled (35) 

Artificial intelligence 

Figure 16 includes the answers to the Likert questions about AI. 

 
How knowledgeable are you about artificial intelligence? 

 
How interested are you to learn about artificial 
intelligence? 

 
How excited are you to learn about artificial intelligence? 

 
How frightened are you to learn about artificial intelligence? 

 
How important do you think artificial intelligence will be in your future life? 

Figure 17. Questions about Artificial Intelligence 

Some examples provided by students about AI are: 

• tesla car and chat bots (5) 

• GPS, Memory (6) 

• Smart assistants (Siri, I suppose), self-driving car (I think I already said this one, but it's probably fine) (8) 

• Netflix and YouTube (12) 

• Siri and Google Quick Draw (16) 

• Recommendations, scanners (22) 

• Google quickdraw (26) 

• self-driving cars and proactive healthcare management (32) 

• Self-driving cars, Smart assistants (35) 

• Alexa, Google draw (42) 
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Some explanations to study AI further include: 

• yes, because I want a job to do with AI (5) 

• For my CV when becoming a Programming Engineer (6) 

• No, not really (8) 

• We use AI in our day-to-day life, using our phones and using computers. technology is the future (20) 

• To see how much a robot can recognise (22) 

• It will help in my future job, for example if I need to work with some form of artificial intelligence (26) 

• yes, because it can help with my future career (28) 

• I have always been interested in robots/electronics and how they work (35) 

Answers for AI five focused questions about acquired knowledge during the sessions are represented 

in Table 17. 

Table 17. Specific knowledge questions about AI 

Explain how training data is used in Artificial Intelligence?  How can a photo be input into a neural network?  

• it is used so the AI can recognise patterns and spot them out 
(2) 

• It helps the AI to learn and improve based on previous data 
and performance (8) 

• The more 'practise' and AI has at guessing a picture, the more 
accurate it is if you give them a similar picture (16) 

• Training data can be put into A.I so it has the right answers 
and can recognise right from wrong (22) 

• it can help people with problems and understand the situation 
in which they are needed for (24) 

• it is used so that it gains intelligence to have more accurate 
results (30) 

• it uses many different things to help judge what humans 
worldwide think (42) 

• Going through a network and coming out attached with many 
other things (6) 

• The network can pick apart features/colours in the image to 
identify what it shows (8) 

• if you take a picture, it will always exist even if you delete it 
(24) 

 

In a neural network, what are trainable parameters?  
How would you assess how well an Artificial Intelligence system 
performs a particular task? 

• things that you can change to evolve the efficiency of the 
neural network (5) 

• inputs (42) 

• How long it takes, how efficient it is, if it's the answer I'm 
looking for (6) 

• because you program and tell them what to do (12) 

• Get it to guess what some picture are. If it guesses all of them 
or most of them right, it is accurate (16) 

• to see if it miscalculates anything or miscounts (20) 

• By making many tests and seeing how much it can get right 
(22) 

• it gets the task, it decides, senses and acts (24) 

• Watch and compare them to human beings (35) 

What ethical problems might there be if Artificial Intelligence systems were used to mark school examinations? 

• if something went wrong in the system or if it cannot clearly read what it says or is trying to display (12) 

• Not only might the AI be harsh, but also, some students handwriting is messy so the AI might not mark it well or at all (16) 

• there could be a programming issue where it isn’t programmed to say 46 or 58 or any other number (20) 

• the system might be hacked and cause a danger to the students and staff (24) 

• They might become too intelligent and hackers could steal information (26) 

• they could mistake letters and numbers whereas teachers would know what you are talking about (30) 

• they may not be able to recognise a letter or number (32) 

• Although a student may word the answer differently the robot will still see it as wrong (35) 

Internet of things  

Figure 18 includes the answers to the Likert questions about IoT. 
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How knowledgeable are you about internet of things? 

 
How interested are you to learn about internet of things? 

 
How excited are you to learn about internet of things? 

 
How frightened are you to learn about internet of things? 

 
How important do you think internet of things will be in your future life? 

Figure 18. Questions about Internet of Things 

Some examples provided by students about the IoT are: 

• smart fridge and smart salt dispenser (5) 

• Smart Fridge, Smart Mirror (6) 

• Phone, laptop (8) 

• Siri and Alexa (16) 

• air tags, smart watches (20) 

• google, Microsoft edge (24) 

• home security, activity trackers (28) 

• air quality sensors, soil monitoring (30) 

• Amazon echo and Google home (32) 

• Arduino board (42) 

Some explanations to study IoT further include: 

• yes, because it’s interesting (12) 

• I would like to study it because I liked using the Arduino boards (20) 

• it would benefit me (24) 
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• yes, to help with my future job (28) 

Answers for IoT five focused questions about acquired knowledge during the sessions are represented 

in Table 18. 

Table 18. Specific knowledge questions about IoT 

What is the difference between an analogue device and a digital 
device? 

Define a sensor (without giving an example)  

• a digital device is something that is digital (5) 

• analogue is in the real world while digital is on a computer 
(22) 

• analogue is in letters whilst digital is in 0s and 1s (24) 

• a sensor is a type of input (5) 

• An assessment of its surroundings. To Answer multiple 
questions (6) 

• Something that can detect its surroundings or a thing in 
front/near it (16) 

• a sensor is something where it can detect activity (20) 

• something that senses things around it (22) 

• a device that detects or measures physical properties (30) 

• A sensor is a device that detects or measures a physical 
property (32) 

Is it possible to have an Internet of Things device without any form 
of input? please explain why 

A traffic-detecting Internet of Things device could be developed to 
replace a crossing guard. Why might parents prefer their children 
to cross the road when guided by a human rather than a 
computerised device? 

• no because then there would be nothing to solve and work 
around (5) 

• no, because it needs data in order to get the best results (16) 

• no, you need to connect it to the web to connect it with the 
world. (24) 

• no because it must have a starting route (28) 

• no because they need to work with something (42) 

• because a human look more trustable and would have 
emotions (5) 

• A human may be sympathetic if someone needs to pass 
quickly, a robot would not be (16) 

• computers can always make mistakes, and this could cause 
injury to a child or in fact death (20) 

• Computers would choose to sacrifice people because they 
don't have emotions (22) 

• the system might make a mistake and kill the live specimens-
humans (24) 

• The device could malfunction and put them in danger 926) 

If humanity keeps using more and more Internet of Things devices in everyday life, what kind of ethical problems do you think may 
come up? 

• People may become too relied on it for things such as opening doors or turning on lights etc (16) 

• we will depend on IoT and we wouldn’t be able to do things for ourselves (20) 

• people won’t ask other people for things, but the internet, isolating humans from each other, causing disagreements (24) 

• Possible danger to some jobs being replaced (26) 

Comparison 

Table 19 shows the comparison between the quantitative questions in the three streams (from the 

lowest until the highest value). Students indicate being knowledgeable about the three topics, but 

mainly in robotics, showing more interest in robotics and AI than in IoT.  Students are not frightened 

by any of the three topics, but AI reports a few cases. Students think robotics and AI are very important 

topics for their future. 

Table 19. Comparison between streams 

Knowledge about the 
topic 

 

Robotics Artificial Intelligence Internet of Things

Not knowledgeable at all 0.0% 0.0% 0.0%

0.0% 0.0% 8.3%

Neutral 29.2% 45.8% 33.3%

58.3% 33.3% 41.7%

Very knowledgeable 12.5% 20.8% 16.7%
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Interest about the topic 

 

Excitement to learn 
about the topic 

 

Frighten to learn about 
the topic 

 

Importance of the topic 
in their future 

 

  

Not Interested at all 0.0% 0.0% 4.2%

0.0% 0.0% 0.0%

Neutral 16.7% 12.5% 29.2%

37.5% 41.7% 12.5%

Very Interested 45.8% 45.8% 54.2%

Not Excited at all 0.0% 0.0% 4.2%

0.0% 0.0% 4.2%

Neutral 20.8% 25.0% 25.0%

41.7% 45.8% 12.5%

Very Excited 37.5% 29.2% 54.2%

Not Frightened at all 79.2% 45.8% 83.3%

16.7% 25.0% 4.2%

Neutral 4.2% 16.7% 8.3%

0.0% 8.3% 0.0%

Very Frightened 0.0% 4.2% 4.2%

Not important at all 0.0% 0.0% 0.0%

4.2% 0.0% 0.0%

Neutral 8.3% 20.8% 8.3%

25.0% 25.0% 58.3%

Very important 62.5% 54.2% 33.3%
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INSPIRE evaluation results 
In the evaluation, several methods have been used using a mixed-methods approach. In that sense 

students and stakeholders were asked to fill in a pre-and post-project questionnaire with questions 

were designed to capture differences in perceptions about the knowledge, digital skills, curriculum, 

and challenges before and after the project. On top of that, students were asked to fill in a short 

qualitative questionnaire at the end of each of the sessions in the streams following a reflective journal 

approach.  

The stakeholders’ perspective 
Stakeholders at the beginning of the project indicated that the digital skills student should have 

include creative problem solving and computational thinking skills, ability to use a computer to 

complete basic tasks such as word processing and file management, confidence to try things and basic 

programming skills. 

To gain those skills stakeholders propose the use of practical and group experience (hands-on) in 

sandbox environments using several operative systems and software required. These experiences 

should be based on their day-to-day lives to motivate the students. In that sense, those skills should 

be accessible in the school curriculum, including training for competent teachers and providing 

publicly available facilities for taking free online courses. It is relevant to consider Computer Science 

is now a statutory part of the national curriculum. 

Current students' careers are going to be largely impacted by robotics, AI and IoT because having 

knowledge and skills in these areas will make them more employable, the three technologies 

proposed are the biggest areas of technological reform today which will form most of the marketplace 

tomorrow. Therefore, current students' careers will be impacted by having digital skills in robotics, AI 

and IoT, acquiring the IR 4.0 in-demand skills, and using these technologies at such an early stage. 

Stakeholders consider robotics has an impact on maths, science, design and technology, citizenship, 

and computing. AI impacts all subjects in the curriculum including history, English, modern foreign 

languages and music. IoT has an impact on maths, science, geography, design and technology, physical 

education, citizenship and computing.  Stakeholders agree the teaching and learning curriculum 

should adopt a more interdisciplinary approach because many jobs involve a variety of skills to be 

completed effectively, specialising in a range of skills makes students more employable. Without that 

interdisciplinarity, it is difficult to teach AI, robotics and IoT as they have an impact across the 

curriculum and their development and utilisation require skills from across the curriculum.  

Some of the key challenges identified in learning about robotics for students understanding how 

useful robots can be in helping humans and solving problems, most of the educational content 

available today teaches programming more than it teaches robotics. While challenges in AI include 

the technical nature of AI which is difficult conceptually and is a very broad subject with a vast array 

of applications. Finally, key challenges in IoT identified the cost of devices, its limited curriculum and 

ensuring scenarios for illustrating the use of IoT are relevant and engaging to students. 

Stakeholders when reflecting about the project once finished had differentiated views for each of the 

streams:  

• Robotics. Stakeholders think that in general students enjoyed working with the Mars rover 

simulation, indicating that several students’ minds were opened to the change of the future of 

employment. In general, the students were given an understanding of how robotics and its 

developments are changing the world and to see the future potential of the technology. Still, some 
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problems were that the tasks set for the Mars rover simulation were confusing for the students 

and students lacked the necessary coding skills to use the simulation. In that sense, the future 

coding tasks should be more defined, so that students know exactly what it is they are required 

to do.  

• Artificial intelligence. Stakeholders consider the ethics debate was particularly enjoyable for 

students as well as improving the accuracy of the AI algorithm proposed during the sessions. 

Students gained an insight into the technical difficulties of AI but also some of the opportunities 

afforded by it, as well, they were able to see how simply a problem needed to be broken down to 

before AI could be implemented; sessions debunked some myths about AI taking over jobs.  

Unfortunately, the theory about AI networks and maths was complicated for students, which 

could be improved by providing easier information to digest and understand for artificial neural 

networks and further formatting of the AI algorithm in Collaboratory.  

• Internet of things. In the IoT sessions using the Arduino and the booklet, most students were able 

to complete the activities, and some showed more comprehension than expected. Students were 

able to get hands-on with hardware which increased interest and motivation. While challenges 

set to students with no experience of Arduino were challenging for them. Internal coordination at 

the school was a challenge to fully test the hardware and software, in that sense students could 

not use the sensors which were the main part of the project. That could have been improved with 

a condensed booklet into bullet points (particularly for the tasks) so that students could digest the 

steps more easily.  

For future iterations of this project, stakeholders indicated that some aspects should be addressed 

differently, for example, a better ratio of staff to students, more preparation time on projects and 

more proofs, including more information for teachers, extend the timings and spend more time 

double planning the sessions. In that sense, provide clear step by step of what the facilitators are doing 

and what the students are doing.  

To scale up the project ideas include that robotics simulations and very high-quality digital resources 

around IR 4.0 technologies could be made available to schools from a national repository of 

excellence. Staff require training to lead all 3 strands for which there was not enough time. Resources 

need to be designed and reviewed with more time and understanding by staff, that way they can be 

designed students can access them more easily. That process could be facilitated with a video tutorial 

for teachers to show them how the AI code activity works. The project should be sequenced over 6 

lessons per strand having clearer lesson objectives and outcomes (i.e., what students will learn and be 

able to do). Introducing some of the practical skills and spacing them over time would probably see 

students achieving more advanced outcomes. The AI and Robotics models would work well as 

computer systems and programming units of works which both interleave ethics.  

Stakeholders consider using these sessions in other subject areas like humanities and arts is vital. The 

more that students of all subject areas are helped to attain a better general understanding and facility 

with technology, the more they will be able to thrive in the future workplace. The ethics sections could 

be combined with subjects like law and sociology to enable learners to see that these technologies 

will impact society and therefore laws will have to be introduced to monitor good uses and bad uses.  

The students’ perspective 
Students, before the project started, indicated that studying robotics was beneficial for their future 

and something important to learn about, an aspect that is linked to their passion for STEM subjects 

and help future jobs and career including their degree. For AI students showed similar interests, its 

importance for future employment and an understanding that AI is everywhere. Finally, studying IoT 
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was considered something interesting because of its relationship with STEM subjects and its use in 

day-to-day situations. Once the project finished, students’ arguments about studying the three 

subjects remained similar, indicating the potential for their future career and professional life, the 

increasing among of jobs that include robotics or AI, the potential of working remotely and becoming 

programming engineers. 

Robotics 

The sessions about robotics included challenges where students used a simulation of the Mars Rover 

Perseverance created by Cyberselves. Students indicated positive aspects of learning how technology 

will affect the workforce and the basic structure of robotics even there were some problems with their 

accounts and computers. Students liked the practicality of the sessions like programming to address 

the different commands within the challenges proposed; although it was, as well, reported as 

something complicated to achieve with their programming skills. Students enjoyed the ethics debate 

discussing the role of robots taking future jobs and their lack of empathy with humans. 

Table 20 indicates students increased knowledge and importance in their future about the topic after 

the project, remaining a similar interest and excitement about robotics, students seem less frightened 

to learn about robotics at the end of the project. 

Table 20. Robotics before and after the project 

Knowledge 
about the 
topic 

 

Interest 
about the 
topic 

 

Excitement 
to learn 
about the 
topic 

 

Frighten to 
learn about 
the topic 

 

Importance 
of the topic 
in their 
future 

 

Artificial intelligence 

During the AI sessions, students learned about machine learning, neural networks, and recognition of 

handwritten numbers. Students understood how AI is not perfect and how it can support everyday 

tasks including recommendations, speech recognition or how it is included in social media. Students 

struggled to follow the maths and algorithms presented, preferring more practical sessions. The 

ethical debate was indicated as useful to see the impact of AI in a critical environment such as 

healthcare influencing medical decisions.  

Not knowledgeable at all 17.6% 0.0% -17.6%

32.4% 0.0% -32.4%

Neutral 44.1% 29.2% -15.0%

5.9% 58.3% 52.5%

Very knowledgeable 0.0% 12.5% 12.5%

Not Interested at all 0.0% 0.0% 0.0%

0.0% 0.0% 0.0%

Neutral 5.9% 16.7% 10.8%

44.1% 37.5% -6.6%

Very Interested 50.0% 45.8% -4.2%

Not Excited at all 0.0% 0.0% 0.0%

0.0% 0.0% 0.0%

Neutral 8.8% 20.8% 12.0%

47.1% 41.7% -5.4%

Very Excited 44.1% 37.5% -6.6%

Not Frightened at all 55.9% 79.2% 23.3%

32.4% 16.7% -15.7%

Neutral 8.8% 4.2% -4.7%

0.0% 0.0% 0.0%

Very Frightened 2.9% 0.0% -2.9%

Not important at all 0.0% 0.0% 0.0%

0.0% 4.2% 4.2%

Neutral 38.2% 8.3% -29.9%

26.5% 25.0% -1.5%

Very important 35.3% 62.5% 27.2%
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Table 21 shows students feel more knowledgeable about the topic and its importance for their future 

after the project has finished, but slightly less interested and more frightened to learn about AI. 

Table 21. AI before and after the project 

Knowledge 
about the 
topic 

 

Interest 
about the 
topic 

 

Excitement 
to learn 
about the 
topic 

 

Frighten to 
learn 
about the 
topic 

 
Importanc
e of the 
topic in 
their 
future  

Internet of things 

In the IoT sessions, each student used an Arduino kit with a booklet to address several challenges. 

Even problems to use the kits and the booklet were reported, students enjoyed knowing more about 

IoT and how it is everywhere and can be incorporated into school subjects. Challenges were useful to 

learn more about programming and building circuits, as well as understanding the ethics of various 

IoT devices. 

As can be seen in Table 22, students indicate having more knowledge in IoT after the project has 

finished. They report more interest, excitement and find IoT as an important topic for their future, 

showing similarly low levels of being frightened about the topic.   

Table 22. IoT before and after the project 

Knowledge 
about the 
topic 

 

Interest 
about the 
topic 

 

Excitement 
to learn 
about the 
topic 

 

Not knowledgeable at all 23.5% 0.0% -23.5%

35.3% 0.0% -35.3%

Neutral 29.4% 45.8% 16.4%

11.8% 33.3% 21.6%

Very knowledgeable 0.0% 20.8% 20.8%

Not Interested at all 0.0% 0.0% 0.0%

0.0% 0.0% 0.0%

Neutral 20.6% 12.5% -8.1%

35.3% 41.7% 6.4%

Very Interested 44.1% 45.8% 1.7%

Not Excited at all 0.0% 0.0% 0.0%

0.0% 0.0% 0.0%

Neutral 0.264705882 0.25 -1.5%

14.7% 45.8% 31.1%

Very Excited 58.8% 29.2% -29.7%

Not Frightened at all 67.6% 45.8% -21.8%

11.8% 25.0% 13.2%

Neutral 17.6% 16.7% -1.0%

0.0% 8.3% 8.3%

Very Frightened 2.9% 4.2% 1.2%

Not important at all 0.0% 0.0% 0.0%

2.9% 0.0% -2.9%

Neutral 26.5% 20.8% -5.6%

35.3% 25.0% -10.3%

Very important 35.3% 54.2% 18.9%

Not knowledgeable at all 14.7% 0.0% -14.7%

41.2% 8.3% -32.8%

Neutral 32.4% 33.3% 1.0%

8.8% 41.7% 32.8%

Very knowledgeable 2.9% 16.7% 13.7%

Not Interested at all 0.0% 4.2% 4.2%

2.9% 0.0% -2.9%

Neutral 23.5% 29.2% 5.6%

44.1% 12.5% -31.6%

Very Interested 29.4% 54.2% 24.8%

Not Excited at all 0.0% 4.2% 4.2%

5.9% 4.2% -1.7%

Neutral 23.5% 25.0% 1.5%

41.2% 12.5% -28.7%

Very Excited 29.4% 54.2% 24.8%
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Frighten to 
learn about 
the topic 

 

Importance 
of the topic 
in their 
future 

 

Final remarks 
The pilot project has been successful in addressing the key aims which were to evaluate the innovation 

of design and development of curriculum resources to support learning about Robotics, AI and IoT; it 

has included interdisciplinary opportunities to enhance the curriculum for learners and evaluate the 

impact of design and approach of teaching and learning barriers and opportunities. 

The pilot has shown practical experience as a co-design project to understand how to start to bridge 

the digital divide in Robotics, AI and IoT, to support its development as part of the curriculum in 

schools. In that sense, this project has been a practical example for bringing stakeholders ideas 

together and to study and evaluate before and after the pilot project employing reflection about 

making AI, IoT and Robotics more accessible for teaching and learning. As well as, to encourage a 

broader range of learners to engage for future iterations, and feasible educational resources to be 

included in the curriculum or as a means of engagement to support teaching and learning digital skills.  

In this pilot project two schools of the Harris Academy plus a set of stakeholders from industry and 

academia have been involved, future steps will increase the number of students and reflect on 

applying and evaluating the teaching and learning approach and resources developed within the 

project as the first iteration of a DBS design. 

 

  

Not Frightened at all 64.7% 83.3% 18.6%

17.6% 4.2% -13.5%

Neutral 14.7% 8.3% -6.4%

2.9% 0.0% -2.9%

Very Frightened 0.0% 4.2% 4.2%

Not important at all 0.0% 0.0% 0.0%

5.9% 0.0% -5.9%

Neutral 23.5% 8.3% -15.2%

38.2% 58.3% 20.1%

Very important 32.4% 33.3% 1.0%
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Appendices 

Appendix 1 Project Learning Outcomes 

Subject NC strand 
Roboti

cs 
AI IoT 

Computing 
design, use and evaluate computational abstractions that model the state and 

behaviour of real-world problems and physical systems 
   

Computing 

understand several key algorithms that reflect computational thinking [for 

example, ones for sorting and searching]; use logical reasoning to compare the 

utility of alternative algorithms for the same problem 

   

Computing 

use two or more programming languages, at least one of which is textual, to 

solve a variety of computational problems; make appropriate use of data 

structures [for example, lists, tables or arrays]; design and develop modular 

programs that use procedures or functions 

   

Computing 

understand simple Boolean logic [for example, AND, OR and NOT] and some of its 

uses in circuits and programming; understand how numbers can be represented 

in binary 

   

Computing 
understand the hardware and software components that make up computer 

systems, and how they communicate with one another and with other systems 
   

Computing 

undertake creative projects that involve selecting, using, and combining multiple 

applications, preferably across a range of devices, to achieve challenging goals, 

including collecting and analysing data and meeting the needs of known users 

   

Computing 
create, re-use, revise and re-purpose digital artefacts for a given audience, with 

attention to trustworthiness, design and usability 
   

Computing 

understand a range of ways to use technology safely, respectfully, responsibly 

and securely, including protecting their online identity and privacy; recognise 

inappropriate content, contact and conduct and know how to report concerns 

Safety? Ethics? Privacy? 

Science 
Motion: speed and the quantitative relationship between average speed, 

distance and time 
   

Science Forces: as pushes or pulls, arising from the interaction between two objects    

Science Forces: moment as the turning effect of a force    

Science Energy: changing motion and completing an electrical circuit    

Science 
Current electricity: electrical current, measured in amperes, in circuits including 

serial and parallel, and the flow of charge 
  Y 

Science 
Space physics: gravity force, weight = mass x gravitational field strength (g), on 

Earth g=10 N/kg (as opposed to Mars g=3.7 N/kg) 
   

D & T 
Evaluate: analyse the work of past and present professionals and other to 

develop and broaden understanding  
   

D & T Evaluate: investigate new and emerging technologies    

D & T 
Evaluate: test, evaluate and refine ideas and products against a specification, 

taking into account the views of the intended users and other interested groups  
   

D & T 

Evaluate: understand developments in design and technology, its impact on 

individuals, society and the environment, and the responsibilities of designers, 

engineers and technologists  

   

Maths 
Fluency: select and use appropriate calculation strategies to solve increasingly 

complex problems 
   

Maths 
Fluency: move freely between different numerical, algebraic, graphical and 

diagrammatic representations 
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Maths 
Reason mathematically: identify variables and express relations between 

variables algebraically and graphically 
   

Maths 
Reason mathematically: make and test conjectures about patterns and 

relationships; look for proofs or counter-examples 
   

Maths 

Reason mathematically: substitute numerical values into formulae and 

expressions, including scientific formulae  

 

   

Maths 
Reason mathematically: model situations or procedures by translating them into 

algebraic expressions or formulae and by using graphs 
   

Maths 
Reason mathematically: recognise geometric sequences and appreciate other 

sequences that arise. 
   

Maths 
Reason mathematically: recognise and use compound units such as speed, unit 

pricing and density to solve problems 
   

Maths 

Reason mathematically: record, describe and analyse the frequency of outcomes 

of simple probability experiments involving randomness, fairness, equally 

and unequally likely outcomes, using appropriate language and the 0-1 

probability scale 

   

General 
promotes the spiritual, moral, cultural, mental and physical development of pupils 

at the school and of society 
   

 

Robotics Learning Outcomes 

Learning Outcomes 

● Use and evaluate a variety of robotic simulation systems 
● Understand and manipulate key algorithms used by robotic systems 
● Understand the hardware and software components that make up robotic  systems, and how 

they communicate with one another  
● Understand a range of ways to use technology safely, responsibly and securely 
● Motion:  manipulate robotic systems which account for speed and the quantitative relationship 

between average speed, distance and time 
● Forces: appreciate the effects of forces, as pushes or pulls, arising from the interaction between 

two objects, and the turning effect of a force 
● Energy: appreciate the effect of changing motion and completing an electrical circuit 
● Evaluate: analyse the work of past and present professionals and other to develop and broaden 

understanding  
● Evaluate: investigate new and emerging technologies 
● Evaluate: understand developments in design and technology, its impact on individuals, society 

and the environment, and the responsibilities of designers, engineers and technologists  
● Fluency: select and use appropriate calculation strategies to solve increasingly complex 

problems 
● Reason mathematically: make and test conjectures about patterns and relationships; 
● Reason mathematically: record, describe and analyse the frequency of outcomes of probability 

in relation to handwriting-recognition technology 
● promotes the spiritual, moral, cultural, mental and physical development of pupils at the school 

and of society 

Key vocabulary 

• Algorithm 

• Android (robot which resembles a human) 

• Computational Thinking 



INSPIRE Fourth Industrial Revolution Teaching in the Classroom: Project report                   
 

53 
 

• Decomposition 

• Abstraction 

• Generalisation / Pattern Recognition 

• Algorithmic Thinking 

• Constructs: 

• sequence 

• selection 

• iteration - Loops 

• Debugging  

• Hardware - form links with other strands  

• Designing Problem solving Robots  

• Programming 

• Adaptive/Dynamic Programming  

• Design and build software solutions 

• Hard Programming  

• Robot 

• Industrial Robots 

• Service Robots 

• Space robots 

• Robot Programming Language 

• Sensors & Modalities (human sense - collection of sensors - experiences e.g. sight?)  

• Servo 

• Simulation 

• Software 

Artificial Intelligence Learning Outcomes 

Learning Outcomes 

● Use and evaluate a variety of Artificial Intelligent systems 

• by calculating accuracy during the QuickDraw activity 

• by training a model to recognise handwritten numbers and improving its accuracy 
● Understand and manipulate key algorithms used by AI systems 

• The student can identify elements in a diagram of an artificial neural network: inputs, 
outputs, layers, nodes. 

• The student can explain that an artificial neural network performs calculations and has many 
trainable parameters that are changed during training 

• The student can add nodes and layers to the artificial neural network in code. 
● Understand the hardware and software components that comprise a handwriting-recognition AI 

system 

• The student can explain that a photo of a handwritten digit is stored as a 28 x 28 matrix of 
numbers (pixels) and that these numbers are input to the AI system. 

● Articulate ethical issue that arise from the use of AI systems, including bias and legislative issues 

• by debating ethics of a doctor relying on an AI system to diagnose cancer in the Court Case 
activity 

● investigate new and emerging technologies 

• by participating in the intro activities where students explore how AI is used in society 
● Fluency: select and use appropriate calculation strategies to solve increasingly complex 

problems 

• by changing model parameters in the handwritten numbers activity in a strategic manner to 
try and improve the model 
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● Reason mathematically: make and test conjectures about patterns and relationships; 

• the student can make a conjecture about why a particular handwritten number is incorrectly 
identified by the AI system 

• the student can explain what patterns groups of ANN nodes might focus on in order to 
recognise handwritten numbers 

● Reason mathematically: record, describe and analyse the frequency of outcomes of probability 
in relation to handwriting-recognition technology 

• by recording the results of the QuickDraw game and the handwriting-recognition AI system, 
calculating accuracy and relating this to probability 

● promotes the spiritual, moral, cultural, mental and physical development of pupils at the school 
and of society 

• by considering the benefits and drawbacks of using AI in healthcare in the Court Case activity 

Key vocabulary 

• Accountability 

• Accuracy versus fairness  

• Artificial intelligence 

• Bias 

• Dataset 

• Deniability 

• Feature 

• Label 

• Layers 

• Legality 

• Machine learning 

• Matrix / matrices 

• Models 

• Neural network 

• Nodes 

• Parameters 

• Pixels 

• Sample 

• Test set 

• Training set 

• Trainable parameters 

• Validation 

• Vector 

Glossary 

• Python 

• Tensorflow 

• GitHub 

• Colab 

• Jupyter Notebook 

IoT Learning Outcomes 

Learning Outcomes 
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● Use and evaluate a series of real-world IoT technologies 
● Understand and manipulate key algorithms used by iOT technologies 
● Understand the hardware and software components that make up IoT technologies, and how 

they communicate with one another  
● Understand a range of ways to use technology safely, respectfully, responsibly and securely, 

including protecting their online identity and privacy; recognise inappropriate content, contact 
and conduct and know how to report concerns 

● Energy: appreciate the effect of completing an electrical circuit 
● Evaluate: analyse the work of past and present professionals and other to develop and broaden 

understanding  
● Evaluate: investigate new and emerging technologies 
● Evaluate: understand developments in design and technology, its impact on individuals, society 

and the environment, and the responsibilities of designers, engineers and technologists  
● Fluency: select and use appropriate calculation strategies to solve increasingly complex 

problems 
● Reason mathematically: make and test conjectures about patterns and relationships; 
● promotes the spiritual, moral, cultural, mental and physical development of pupils at the school 

and of society 

Key vocabulary 

• Input 

• Pin - Digital, Analogue 

• Sensor 

• Sensing data - temperature,  humidity, motion - environment - measure 

• Processing 

• Processor 

• Algorithm -> Program Code  

• Decision - Boolean logic 

• Compile 

• Output 

• What are “things” that can be connected? 

• Motors, LEDs, Piezo, Movement, Forces  

• Physical computing   

• Abstraction 

• Circuits - electricity  

• Device - “Smart” devices  

• Micro controller versus computers  

• Networks - WiFi, Internet, Push/Pull   

Appendix 2 Robotics stream detailed content 

Robotics Club  

Introduction to Robotics (I hour) 

• What is a robot? 

• Draw a robot. What are the things that make it a robot? What does a robot need to have 

and do? 

• Is a washing machine a robot? 



INSPIRE Fourth Industrial Revolution Teaching in the Classroom: Project report                   
 

56 
 

• What is the difference between robots and other machines? 

• What are the differences between manual and robotic vacuum cleaners, for example? 

• What do we think robots are? 

   Robots are designed to do many of the jobs that humans do 

• Robots in today’s world – Covid vaccine bottlers; hospital disinfectant robots; social robots at 

reception; collaborative robots in a factory; scary robots. Perseverance. 

o In what ways is the Perseverance Rover a robot? 
o Why use a robot to search for life on Mars? 
o What is remarkable about the Rover? 

USING THE SIMULATOR 

o How do robots think? 

o How do robots interact with their environment? 

• Robots as extensions of humans 

o Robots have sensors; humans have senses 

Conclusion: How does robotics relate to AI and IoT? 

Robotics Day  

THE ROBOTICS LOOP - SENSE, DECIDE, ACT - IoT senses, AI decides, the robot carries out the actions    

Something Inspirational: The Mars Perseverance Rover Simulation 

Summary: The main objective of the series of challenges posed in the Mars Rover simulation is to 

find water and hence the possibility of life as we know it. The challenges will be timed, so individuals, 

groups and schools can compete against each other. 

There are some additional secondary objectives to the challenges, such as finding certain minerals 

while travelling to destination points, avoiding hazards and sensing other robot rovers in the vicinity, 

in which case the participants can take a selfie of themselves and the other robots that they find.  

As participants go up through the levels of the simulation, the challenges get progressively more 

difficult in terms of coding the movements of the Perseverance Rover and of variables affecting the 

rover’s progress. The more basic levels involve simply travelling from a start to destination point; as 

the challenges get harder the journey is complicated by stationary and then moving objects, such as 

rocks and Mars sandstorms. Participants will also have to carefully monitor their use of resources – 

batteries will need re-charging, for example, with time penalties incurred if they run flat. The winner 

will be the fastest to return to base once the particular challenges in each level are realised and time 

penalties taken into account. Participants will use Blockly to control the Perseverance Rover 

Simulator around its simulated environment. 

How do we navigate? (15 mins) 

o How would we get from A to B? Google Maps? Is that how we’d get from our bedroom 

to the kitchen? 
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o How might a robot navigate? 

o What would a robot need to know? 

o How will we move the robot in the simulation? 

o What could go wrong? (obstacles etc) 

o Why use the strategy of going one step at a time? (Can’t map terrain on Mars; the robot 

will have to discover it; the terrain may change) 

Using Blockly (https:developers.google.com/blockly) (15 mins) 

o Run Blockly tutorial 

o Show Blockly examples 

When a student completes each challenge/ level, the challenge will reset, moving the water source 

further away from the starting position. The teacher can decide when to move the whole class to 

another level with different challenges. 

• Challenge 1: Get the Rover in the simulation to go from A to B with no obstacles (from starting 

position by base to a visible water source) (30 mins) 

• Challenge 2: Get the Rover from A to B (from starting position by base to a visible water source) 

with some fixed obstacles (i.e. rocks) in the way. (30 mins) 

o Then get the Rover from A to B with some fixed obstacles using loops – start with a small 

number of iterations and then increase. (30 mins) 

o Concepts: hard coding, sensing 

•  Challenge 3: Move from A to B with moving obstacles such as sandstorms and maybe other 

robots in the way (I hour) 

o Use hard coding. It will crash. Why? 

o Concepts: Adaptive code, dynamic coding. 

• Challenge 4: Taking rock samples in search for life (2 hours) 

o Identify obstacle: rock, robot or other? 

o Collect rocks of certain mineral type while going from A to B 

o Record water contents of rocks on way from A to B. 

o Mark position where water content is highest. 

o Concepts/questions: How to solve the problem of searching life on Mars? Why search 

for water? What could rocks tell us? 

• Challenge 5: Construct a search pattern (2 hours) 

o Search for other objects in the area such as minerals, water indentations or other robot 

rovers 

o Take selfies with discovered objects 

o Concepts: search patterns, computational thinking, problem-solving. 

• Ethics in Robotics (30 mins) 

o Robots in the real world – how should we use them? 

o How likely is it that your teacher’s job will soon be taken by a robot? 

o What jobs are most in danger of being displaced? 

• Stage a debate/mock court trial on the topic of whether we should we safeguard human jobs 

against robots? (1.5 hours) 

o What if robots accidentally or deliberately hurt someone? 

o Will robots bring more inequality to society? 

o Will robots change the world for good or ill? 
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Appendix 3 Robotics students’ data 
 
Session 1 robotics 

 What was most interesting in this session? 
What is the best thing that you learned in this 
session? 

What was most challenging in this session? 
What would you like to do next (in relation to today’s 
session)? 

1 using the Mars Rover website thingy about sensors using the website learn more about sensors 

2 The Mars robot Machines will make many decisions  Nothing it was just a discussion  Practical  

3 The Mars Rover The amount of data the Mars Rover has to consider Defining an AI Learn about robots 

5 Mars Rover simulation  How advanced the Mars Rover is The Mars Rover simulation   

16 
Learning about how technology will affect the 
workforce 

The robotic dog response to your action Opening the survey Programme/build a robot 

18 Robotic dog Robots and robotics  Programme and assemble a robot 

20 Learning basic structure of robotics 
Knowing that we are going to work with replicas that 
are on Mars 

Nothing :) Learn how to use a robot 

21 Learning about the Mars robot Challenges for the Mars robot  Learn and understand about artificial intelligence and 
robotics 

22 There are many things I don't know yet Robotics control more than we think Coming up with new and unique ideas More practical work 

23 The new facts I learn about the Mars robot The robotic dog This was an intro lesson  

24 
Learning that we are going to be creating our own 
robots someday 

Robots can sense objects getting the WIFI to work Create a robot and program it 

25 
Finding out we are going to do something with the 
Mars robot 

Robots can do many things Getting to do the rest The Mars robot and learn more about that 

26 Learning about robots Learning about robots 
Well, we didn't do much but logging into my account 
was quite tough... 

Build robots 

29 Finding out about the machine in Mars 
Learning about the machine and difference between 
robots and robotics 

 Exploring the machine in real life 

30 Learning about the Mars Rover Learning about the Mars Rover  Build a robot 

32 Learning about what robots do on Mars The dog  Build a robot 

35 
Learning about robots and how they help us. Also, the 
robotic dog. 

Robots There wasn't really anything challenging. Learn more about robots and how you construct them. 

36 Talking about robots There are possibly metals on Mars Trying to explain my answer I don't know 

37 I don't know much yet Robots can go on Mars and actually not die I don't know The Mars simulator thing online 

38 Learning about the robot and its function on Mars Robots and robotics  Exploring the machine in Mars 
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39 Learning about the Mars robot Learning about what we're doing next week Nothing Learn and understand about robotics and AI 

40 How robots could eventually take over the world Robot Rover in Mars Nothing challenging so far Learn about the Mars Rover 

42 Learning about the robot Learning about Tuesday Nothing  

44 Mars Rover 
Learning that we will be able to control the things 
around the school basically 

Thinking deeply into AI Robotics 

45 The Mars Rover The description of the Mars Rover Nothing  Mars Rover 

 

Session 2 robotics 

 What was most interesting in this session? What is the best thing that you learned in this session? What was most challenging in this session? 
What would you like to do next (in relation to today’s 
session)? 

1 the simulator was the most interesting I’ve learnt how to loop when running commands dodging the obstacles was challenging I want to learn how to build a pc 

2 
I think that the most interesting part was trying to get 
rid of the obstacles.  

how there are very strong dust storms on Mars the Mars Rover sim don’t know 

3 making a chain of commands for the Mars Rover programming understanding the definition of a robot create a more advanced chain of commands 

4 talking about what makes a robot a robot 
learning what functions a robot can do that make them 
a robot 

navigating and finding the right directions to make the 
robot find the water 

leaning about programming robots 

5 
learning how to make the Rover avoid obstacles on its 
own 

How to investigate Mars learning how to use the Rover I don’t know 

6 
Leaning to use the function and sensor commands to 
move around automatically against objects. 

How to use the sensors to automatically detect objects. The first couple stages, then I just learned how to do it. Anything. 

10 
Figuring out how to move and program it so the 
Perseverance Rover locates the water etc. 

How to avoid obstacles. 
Figuring out how to get the Rover to locate, move and 
get the obstacles or locate the water. 

Figure out how to take samples or locate the water 
from far away. 

11 
How you can control the robot into the water or 
destination. 

That the robots can scan the obstacles so they don't 
bump into them or can see where they are.  

To know the directions like north, east, south, and 
west. 

 

13 the Mars Rover coding what they have to do to get the Rover to be safe listening because it’s so hot 
get taught how to code so the Rover can be safe and 
get to the water by me pressing run once 

16 Navigating the Mars Rover. How to navigate a robot. Getting the Rover to the water source in one click. Learn how to navigate a robot in one click. 

17 Solving problems while using the Mars Rover Trial and error Finding a way to find the water in one click More coding 

18 Coding/Programming  
Programmers that work with the Mars Rover have a 
very challenging job  

Being able to move the Mars Rover and complete in 
one run  

Code more! 

19 The Mars Simulator The Mars simulator The Mars Simulator Anything Interesting and Fun 

20 everything! I loved how this was challenging 
learning about robots and Rovers and how interesting 
robots actually are 

doing the scratch, it was tough, but I loved it! 
I would like to do more robotics learning more about 
robots 

21 learning how to program the Rover. 
learning the shortcuts how to make it avoid crashing 
into objects. 

programming it right and trying to avoid it from 
crashing or going the wrong way. 

learn about it more to understand it better 

22 
How hard it is to make a simple robot find a water 
source. 

How complex the code can be Trying to figure out how all the coding blocks work. More familiar practical lessons. 
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23 controlling the Mars robot robots and AI when the whole coding process got harder create mini Rovers. 

24 learning how to make the Rover move. that Mars has water. getting to get the Rover to get to the water in one click. create our own copies of the Rover. 

25 
learning how to make the Rover move in different 
directions and avoid obstacles. 

learning how to use the different symbols to make the 
instructions for the robots. 

making the robot avoid the obstacles as the levels get 
higher. 

try more of these lessons with controlling the robots. 

26 Programming the Mars Rover 
How to use parts to code I didn't know before. For 
example, the "if ever" commands.  

Making one command to work for all levels.  Practise my coding skills more.  

28 Learning the basics of coding 
That if something doesn't work you have to be resilient 
and try again.  

Actually, trying to use the Mars simulator 
learn the basics of robotic development so i can base it 
around coding  

29 being able to control the Rover directions 
how Rovers adapt on Mars and sense their 
surroundings 

the most challenging part was making the Rover reach 
the water with obstacles in the way 

continuing trying to make the Rover reach the water in 
just 1 block 

30 moving the Rover around learned more coding, and completing the missions doing it all in one go get more technical with the coding 

32 Finding out how the robots work How to control the bot Finding the water in one click Build my own robot 

33 Mars Simulator and the way it worked. How to use simulator. How to work the through the obstacles. 
Learn something more about the real Mars Rover and 
how it works. 

34 The Mars Simulator. The Mars Simulator. Trying to work the Mars Simulator. Anything mind-blowing. 

35 
Learning about how robots are going to have a big 
impact in the future. Also, the Mars simulation. 

All of the new robots that people are coming up with 
and how they work.  

There wasn't really anything that challenging today. 
Learn more about the robots that are going to be made 
in the future and how they're going to affect are lives. 

36 learning how to code how to code trying to avoid the obstacles not coding with the Mars robot thing 

37 
Attempting to learn programming on the Mars 
simulator even though it was very difficult 

It takes 7 months for the Rover to get from Earth to 
Mars 

Keep on trying with the Mars simulator More programming 

38 learning about the perseverance Rover  being able to control the movement of the Rover   moving the Rover around the blocks  
to continue trying to get through the obstacle course at 
once  

39 Learning how to programme the Rover. Learning how to programme it and shortcuts to do it. 
Everything about the programming was challenging to 
get the Rover move in the right direction and not to fall. 

To understand fully how to programme. 

40 The Rover searching around and hunting for water 
It takes 7 months for the Rover to get to Mars. 
(perseverance) 

Having to keep trying when the Rover fell learn about how life on Mars won’t work. 

41 
controlling the Mars Rover using programmes instead 
of actual controls. 

The Mars Rover is actually really helpful and resourceful Getting it into the water  

42 everything that robots are interesting  the fact that the rocks moved by themselves robots 

44 Controlling the Rover from Mars! What robots and robotics is really about! Controlling the Rover and the pressure! More programming on the computer! 

45 the things the Rover is able to do  everything trying to navigate it in one click  

48 pretty much everything, I really enjoyed today :). it was challenging but the Mars thing was very fun. the loop keys. 
I would like to go over binary again as I have bad 
memory and I’ve forgotten almost everything 
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Session 3 robotics 

 What was most interesting in this session? 
What is the best thing that you learned in this 
session? 

What was most challenging in this session? 
What would you like to do next (in relation to today’s 
session)? 

2 

I think the most interesting part was when we learned 
that machines could have a bias and make decisions on 
who to save and how different country's value 
different people and age groups   

don’t know my mind is blank 
understanding what each thing does there aren’t any 
examples 

don’t know 

3 
creating a chain of commands for the simulation to 
follow 

how to program the mars rover making the rover see objects and move around them Ai 

4 talking about moral choices robots make 
about talking about how machine may take up most 
jobs 

making the robot to find material lean about artificial intelligence 

5 
Learning how to tell the mars rover to search for rock 
samples 

How intricate the mars rover is Making it all work Anything interesting 

6 
Learning how to make the computer, do a sequence of 
commands and then categorize the log's you've 
collected and leave behind the ones you do not want. 

Categorizing. 
Trying to get the computer to categorize my 
discoveries into it and leave behind the others. 

Anything. 

9 robots going to mars robotics becoming developed nothing to see a robot 

10 
Finding the rock samples as well as overcoming 
obstacles. 

How to program and put together commands. Figuring out how to find rock samples and so on. Figure out how to get rid of obstacles properly. 

11 
How we can drill into the surface to see what rock we 
may find. 

How to set it up so we don't have to repeat ourselves 
each time.  

How to start it straight away but then I had got it. ? 

16 Learning how advanced robots are becoming. Learning about which jobs will be lost to robots. 
Discussing: Is it ethical to allow robots to take over 
jobs? 

How people feel about robots taking over jobs. 

17 Seeing the difference between robots and machines  The usefulness of robots   artificial intelligence 

18 The ethical thinking of robotics - pros and cons  Robots are very interesting  I find the following interesting henceforth challenging AI 

19 The jobs that are at risk. Robots are being made for jobs. I don’t know  

20 having discussions and seeing what jobs are at risk 
I liked how I now know what that robots might be the 
future 

I found that robot can replace future jobs I would like to create robots 

21 
learning what the future is going to be like and how 
robots are going to have a lot of the jobs that we do. 

learning about how robots can perform surgery. I didn't find anything challenging. 
I want to learn about the other things robots will be 
able to do in the future. 

22 
That robots have a bigger impact on our lives than we 
thought. 

That people learning about the programming and 
coding will have an advantage further in life. 

Knowing all the problems that the world will soon face 
but also knowing that you have no power to stop it. 

Find out how to code and program a robot like this and 
learn the amount of effort you have to put in. 

23 The impact of the future of robots. 

 learning how dependable humans are on technology, 
how robots have no empathy and how in the future 
many people will be jobless because of robots. Without 
knowing about technology, it will be harder to find jobs 
in the future 
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24 
learning that its inevitable to avoid robots being 
created. 

I learnt that I won’t have to worry about finding a job 
as long as I do computer science. 

nothing. create robots and program them. 

25 
learning about how robots can take over jobs very 
easily. 

that I won’t have to worry about losing my job in the 
future. 

nothing was challenging. 
learn more about how robots will take jobs and more 
about which jobs are most likely to get replaced by 
robots compared to least likely. 

26 
Learning about how impactful robots actually will be - I 
did not expect them to be able to replace that many 
jobs.  

How much robots can do to impact our lives and future 
generations.  

Thinking about the wider impact robots would have in 
the far future - it was surprising how big an impact on 
human life they would have.  

Create my own robot.  

28 Learning how robots can easily replace humans 
That humans are very lazy in what they do and that 
robots can be able to take peoples jobs  

the trolley experiment because it’s hard to make these 
decisions quickly. 

Study the development of the robots and attempt to 
create a robot  

29 learning about the ethics of robotics 
finding out how important robotics are and how they 
affect humans 

debating about whether robots should be made or not see more consequences of robots being produced 

30 finding out how robots can do human jobs and adapt how much robots can do   I would love to create my own robotic pet 

32 
Learning about different jobs that robots could take 
over. 

How much robots can complete and how easy it is for 
them to replace human jobs. 

Nothing Make my own robot dog. 

33 Learning about robots. 
Knowing the possibilities of how many things robots 
can’t do due to lack of "empathy" and "sympathy". 

Nothing much. Know more into robots. 

34 
How robots are going to keep being made mostly 
because of money. 

How robots can do so much things that humans can 
do. 

Thinking about how robots have impacted the world. How to stop robots from taking over the world. 

35 
I find the videos about the robots interesting and the 
debates about the robots taking over jobs. 

everything was interesting nothing, very easy. go over binary again 

36 discussing the trolly problem 
the best thing I’ve learnt is that robots can’t complete 
certain tasks 

I didn’t find things difficult I don’t know 

37 
That robots will eventually take over the world!!!! And 
humans will have no jobs and will become very lazy 
and probably die 

 Personally, I didn't find anything challenging but i did 
find it interesting 

Learn more about artificial intelligence (AI) 

38 
learning about how many jobs that are at risks and the 
effect its causes in today’s society  

finding about the different abilities that robots can do  
debating about if robots should be replacing people’s 
jobs because they are more effective and cheaper  

see the more consequences of robots being made  

39 
Learning about how smart computers are and how 
they are programmed. 

What the future is going to be like with robots. I did not find anything challenging. Understand what other stuff robots can do. 

40 robots learning to adapt 
computer programming should be a courier I consider 
in the future 

accepting that people’s jobs will be taken away 
eventually 

learn coding  
(java script) 

41 
Learning about the different types of robots that might 
potentially replace us  

The best thing I learnt was that even though robots 
might end up displacing a lot of people, they are really 
helpful. 

Nothing To be honest. 
make mini Lego robots that can be connected to the 
computer  

42 how many jobs are at risk our discussions and debates I didn't find anything challenging  

44 
Learning how many jobs could and will be taken over in 
the future and how robots will basically take over our 
World. 

Learning and watching a video on cars driving 
themselves and letting people cross the road! 

I didn't really find anything challenging  
I would like to maybe do a little more research into 
ethics and how they originated 
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45 
realizing how robots could take over and how much 
they are able to in the near future 

that robots can replace us 
coming up with ideas and realizing the negative sides 
of robots 

how much robots can actually do 
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Appendix 4 Artificial Intelligence stream detailed content 

AI Club  

 

Day Session Item Type Duration 

Club 

15:00h Intro to AI 

Intro to AI 
stem.org.uk Grand Challenges - Theme 3 (Level 2 - 

Presentation).pptx slides 1-4 
ppt 10m 

Intro to AI stem.org.uk Grand Challenge AI level 2: Activity 1 “Introduction”  
paired 

discussion 
15m 

Intro to AI 

stem.org.uk “Grand Challenges - Theme 3 (Level 2 - 

Presentation).pptx” wrap up the activity and show 1 or more 

YouTube videos linked on slide 4 (start with the Siri one: 2m27s) 

ppt & video 5m 

15:30h QuickDraw 

QuickDraw Humans doodle and guess. Calculate accuracy. class activity 15m 

QuickDraw Human doodles, computer guesses. Calculate accuracy. 
paired activity 

on computer 
15m 

 

AI Day  

 

Day 

09:00h Machine Learning Intro 

Machine 

Learning Intro 

stem.org.uk “Grand Challenges - Theme 3 (Level 2 - 

Presentation).pptx” slide 5 
ppt 5m 

Machine 

Learning Intro 

stem.org.uk “Grand Challenges - Theme 3 (Level 2 - 

Presentation).pptx” Activity 2 Machine learning slides 6-7 

individual 

activity 
15m 

Machine 

Learning Intro 

stem.org.uk “Grand Challenges - Theme 3 (Level 2 - 

Presentation).pptx” slides 8-9 
ppt 5m 

09:30h Neural Networks 

Neural 

Networks 
What is a neural network? presentation 45m 

Neural 

Networks 
Draw a neural network 

individual 

activity 
15m 

Neural 

Networks 

YouTube Neural Networks and Deep Learning: Crash Course AI #3  

12m30s 
video 15m 

11:00h Handwritten Numbers (plus lunch break) 

https://www.youtube.com/watch?v=oV3ZY6tJiA0
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Handwritten 

Numbers 
Python code: Introduction to Colab coding 20m 

Handwritten 

Numbers 
Python code: load and explore the data coding 30m 

Handwritten 

Numbers 
Python code: build, train and improve a Neural Network coding 60m 

13:30h AI Ethics 

AI Ethics 

stem.org.uk “Grand Challenges - Theme 3 (Level 2 - 

Presentation).pptx” slides 11-13 

video slide 10: 1m30s 

video slide 13: 5m30s 

ppt and video 15m 

AI Ethics 
stem.org.uk “Grand Challenges - Theme 3 (Level 2 - 

Presentation).pptx” slide 14 
group activity 10m 

AI Ethics 
stem.org.uk “Grand Challenges - Theme 3 (Level 2 - 

Presentation).pptx” slides 15-16 
group activity 40m 

14:35h Wrap up 

Wrap up Conclude the day and complete questionnaire  15m 

 

Resources 

Quick links 

• All STEM Learning (stem.org.uk) resources: stem.org.uk resources folder 

o STEM Learning introductory video: 

https://www.stem.org.uk/resources/collection/459311/artificial-intelligence-resource-

package  

QuickDraw 

• https://quickdraw.withgoogle.com/  

o  Check that QuickDraw functions correctly (try Edge instead of Chrome, check that 

settings are not blocking the user’s input). 

o QuickDraw prints its guesses and its final answer at the bottom-middle of the screen. If 

you don’t see any guesses then it’s not working. 

o On some systems it also gives audio output, which is more fun. (e.g. iPad Safari – silent; 

Edge – audio). 

Neural Networks 

●  Drawing neural networks http://alexlenail.me/NN-SVG/index.html  

● YouTube Neural Networks and Deep Learning: Crash Course AI #3 
 

Handwritten Numbers 

● Introduction to Colab. Open the Colab notebook: 

○ https://colab.research.google.com/github/patriciacharlton/Inspire/blob/main/ai_str

eam/colab_intro.ipynb  

https://drive.google.com/drive/folders/128vqTs-cCVzlVvy45pqfMyYmy6ZpDwik?usp=sharing
https://www.stem.org.uk/resources/collection/459311/artificial-intelligence-resource-package
https://www.stem.org.uk/resources/collection/459311/artificial-intelligence-resource-package
https://quickdraw.withgoogle.com/
http://alexlenail.me/NN-SVG/index.html
https://www.youtube.com/watch?v=oV3ZY6tJiA0
https://colab.research.google.com/github/patriciacharlton/Inspire/blob/main/ai_stream/colab_intro.ipynb
https://colab.research.google.com/github/patriciacharlton/Inspire/blob/main/ai_stream/colab_intro.ipynb
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○ Every participant will need a google account in order to run code in Colab. 

●  Handwritten number recognition  

○ Colab notebook 

https://colab.research.google.com/github/patriciacharlton/Inspire/blob/main/ai_str

eam/handwritten_numbers.ipynb  

 

https://colab.research.google.com/github/patriciacharlton/Inspire/blob/main/ai_stream/handwritten_numbers.ipynb
https://colab.research.google.com/github/patriciacharlton/Inspire/blob/main/ai_stream/handwritten_numbers.ipynb
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Appendix 5 Artificial Intelligence students’ data 
Session 1 AI 

 What was most interesting in this session? 
What is the best thing that you learned in this 
session? 

What was most challenging in this session? 
What would you like to do next (in relation to 
today’s session)? 

1 
the quick draw it was really fun, and the computer 
guessed a lot of them. 

that the agreement pages for apps you download are 
steeling your data 

nothing anything i don’t mind. 

3 let’s draw guessing guessing drawings make a AI 

5 quick draw how intricate the quick draw neural net is guessing Vinnie’s drawing not let Vinnie draw 

6 Drawing. How AI can update to what is drawn. Drawing, I'm not good ay drawing. Anything. 

8 
Learning about how most social media sites get their 
money.  

Again, how most social media sites earn their money.  Trying to figure out other people's drawings.  
If it's possible, I would like to make my own artificial 
intelligence... thing.  

11 
How artificial intelligence is all around of us and how 
it can get mostly everything right from drawing to 
handwriting.  

Artificial intelligence is mainly in everything. Nothing really. 
Same thing but maybe do handwriting to guess what 
we have wrote and how accurate it is. 

12 discovering that the most basic things use ai discovering that the most basic things use ai nothing it was fun anything it was interesting  

14 learning about AI how AI works guessing Vinnie’s drawing  learning about AI 

15 Quick draw That an AI can adapt quickly 
Drawing and guessing games also trying to figure out 
what Vinny is trying to draw. 

Do more drawing and guessing games  

16 Learning about how AI understands your speech. 
How AI can sometimes be wrong when it comes to 
human drawings. 

Trying to get the Quick Draw to know what I'm 
drawing. 

Find out how AI can understand what you are 
drawing/writing. 

17 Where we use AI in everyday life How AI learns and develops to copy human actions 
I didn't find anything challenging however I learned 
that Google quickdraw was AI 

To learn how AI is programmed to learn  

18 
Exploring the world of AI and how we use it in 
everything we use like social media, Google, Siri etc.  

Google Quick Draw is intelligent  
Nothing was particularly challenging however I found 
out the AI tries to know everything about you 

I want to understand how AI can learn and how it 
applies it to certain applications.  

20 
learning that we use artificial intelligence every day in 
our day to day life’s 

knowing that we are smarter than artificial 
intelligence because we are not programmed 

explaining how google maps, Siri, Netflix, and 
Facebook use AI 

know how all apps and smart tv use AI 

21 
learning how popular websites and apps use artificial 
intelligence. 

how google quick draw uses artificial intelligence nothing 
I would like to learn more about how artificial 
intelligence works. 

22 
Finding out how much A.I. comes into our everyday 
life. 

That A.I. does not have its own intelligent but has 
copied the knowledge from many different humans. 

Trying to think of ways that AI is used Find out more about the A.I. and how it works 

23 How computers adapt to the human mind 
how robots in a few years will be so similar to 
humans because technology will be developed 

 find out what the humans who produce these robots 
think about robots potentially taking over the world 

24 quick draw learning about how Ai can mimic humans trying to draw a knee on quickdraw 
create our own website that can identify numbers 
and words 

25 
Seeing how fast Google Quickdraw can guess my 
drawings. 

How Siri and Alexa take data. Nothing. 
I want to see how Siri and Google function and what 
more they do with the data. 
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26 
Learning about how widespread and everywhere AI 
actually is.  

That AI is involved in many of the day-to-day 
activities we do on our phone.  

Nothing was particularly challenging for me.  Create my own programmed AI.  

30 the number of things that use artificial intelligence we played google quick draw  use artificial intelligence ourselves 

32 
Finding out how artificial intelligence is used in day to 
day life. 

Playing google quick draw, it fascinated me by the 
fact that it knew what we were drawing in a couple of 
seconds. 

Nothing. Make something that includes artificial intelligence. 

33 Learning roughly of algorithms. AI itself. Nothing. Learn more in depth of algorithms. 

35 Doing quick draw on google. Learning about artificial intelligence. There wasn't really anything challenging I'm not quite sure  

36 playing quick draw how google maps work nothing I don’t know 

37 
learning about how different app companies use 
artificial intelligence in their apps 

how artificial intelligence can recommend things to 
you based of your history 

trying to work out what is artificial intelligence is vs 
what is programmed 

learn more about artificial intelligence 

38 learning about how different apps use AI  learning about artificial intelligence   I would like to know more about the background of 
AI being used in different apps   

39 To know the AI behind different apps we use. 
It was using the google quick draw and seeing how 
quickly a computer can identify something. 

Nothing. 
To know how a computer is programmed with 
artificial intelligence and how it works. 

40 
Learning how Siri is dumber than Alexa and also how 
google maps 

computers trying to adapt and understand numbers 
and things and also google quick draw was really nice 
to understand how artificial intelligence works. 

I didn’t really find anything challenging  study how Alexa can stalk you 

41 
I liked learning about how artificial intelligence is 
used in so many things. 

When we went through how google maps, Netflix, 
Facebook and Siri uses artificial intelligence. 

Nothing was challenging to be honest. 
I would like to programme computers using artificial 
intelligence  

42 the fact Netflix was artificially intelligent google quick draw nothing  

45 how many things use ai that things like Alexa use data to adapt and learn nothing was challenging how they manage to collect so much data 

46 learning about how artificial intelligence works 
learning about how artificial intelligence is all around 
us 

nothing I’m not sure 

 

Session 2 AI 



INSPIRE Fourth Industrial Revolution Teaching in the Classroom: Project report                   
 

69 
 

 What was most interesting in this session? 
What is the best thing that you learned in this 
session? 

What was most challenging in this session? 
What would you like to do next (in relation to 
today’s session)? 

2 not much I was bored 
the fact that neural networks are very complex and 
very hard to program 

connecting them all together a practical it was all talk and very boring 

4 learning about neutral networks  I was not there for the rest of the session Drawing the neutral network Learn about how robot "think" 

5 the neural network how to make a neural network understanding the neural network 
get good at getting the AI to recognise pictures and 
characters 

6 Exploring AI inputting and outputting. AI adapting and learning from the inputs of others. Drawing. Coding introduction. 

8 

Learning about neural diagrams, and how they can be 
used in recognising pictures (i.e. facial recognition, 
whether something in a picture is a dog or a plate of 
spaghetti, etc) 

That Google Captcha tests are nothing but lies and 
deceit.  

The maths.  To create our own neural networks.  

9 everything arts of robotic programming nothing robotically programming and teaching an ai 

11 
How neural networks work from pointing out what 
the picture is or what they can see. 

Is how to draw one and label it so we know how long 
it takes to complete one of these. 

Learning how to read the data or drawing the neural 
network. 

 

14 learning how AI works  how AI process information the maths program an AI 

15 learning more about an AI work python code python code not sure 

16 Learning how AI learns numbers and pictures. How to get almost 100% accuracy for AI for numbers Understanding the process of learning Keep on trying new numbers for accuracy 

17 To learn about ANN How AI works  To understand the concept of how ANN works  

20 

I found ANN very difficult because I didn’t really 
understand all the codes and stuff, but I liked it 
because it gave me a challenge to complete 
algorithms. 

I liked to learn how machines work using AI Learning all the codes and what they do   more AI and how apps use it 

21 Trying to figure out how to get the best accuracy. how computers read the numbers. trying to get the highest accuracy. to learn more about AI 

23 pixels and coding learning how computers recognise numbers trying to understand amu  

24 changing the numbers in the codes that your accuracy can go up to 100% getting it to 0.96 carry on coding  

25 ANN  seeing how computers read numbers ANN I'm not sure 

26 Learning about nodes and how they work How AI recognises a shape - through pixels Getting ANN is a higher percentage.  Create my own AI.  

28 the handwriting recognition how accurate you have to be when coding The handwriting recognition hopefully use these a game using code with accuracy 

30 
finding out how machines work out what different 
images are 

when it got competitive and everyone was trying to 
get 100% accuracy on ANN 

trying to get 100% accuracy make my own artificial intelligence device 
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32 How computers find out handwritten numbers. 
How machine's work out different objects, things or 
people. 

Trying to get 100%  Make my own device including artificial intelligence. 

33 The Artificial Neural Network and how it works. Somewhat more of the ANN. 
Understanding how the network works and the codes 
in the handwritten numbers part. 

Learn more about all this in depth. 

35 Learning how the computer detects colour I don't really know. 
Everything. It was a lot more challenging than the 
other topics. 

I don't know. 

36 learning about artificial intelligence  how to change the code in the thing understanding artificial intelligence idk 

37 
learning how to get the most accurate accuracy thing 
on ANN 

 getting it to work do more ANN 

38 learning about artificial neural network  doing the handwritten numbers  getting the handwritten number accuracy to 100%  I would like to learn more about ANN  

39 To find out how a computer identifies numbers. 
To use the program code to try and get the highest 
accuracy. 

I found ANN quite challenging to understand. I would like to know more about AI. 

40 
That code teaches computers to learn numbers no 
matter what handwriting 

drawing the network the coding learn how to code 

41 The programme code  The programme code The Neuro Connections Robots  

42 I found out how Ann works 
the fact that I had a challenge and had to solve it and 
the competition part had me more entertained 

getting 100% in the accuracy thing  

43 
what i find most interesting that was in this lesson is 
the handwritten numbers thing. 

the handwritten numbers thing. the handwritten numbers thing. more of the handwritten numbers’ thing. 

45 programme code machine learning programme code understanding ANN   

46 finding out how the bot’s function making the neural charts doing the handwritten numbers I’m not sure 

 

Session 3 AI 
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 What was most interesting in this session? 
What is the best thing that you learned in this 
session? 

What was most challenging in this session? 
What would you like to do next (in relation to 
today’s session)? 

3 The argument how AI is slowly taking our jobs trying to understand the AI make an AI 

4  debating about if Ai can replace jobs learning about how AI can affect our future   Coming up with arguments in the debate I want to learn about how robots think 

5 the ethics debate the pros and cons of an ai deep learning algorithm the ethics debate hands on building and electronics 

9 debating law nothing debate/law 

11 
That when we debated there was a two-sided story 
towards that situation where should we blame the 
person or the machine. 

How that machine has an extreme percentage of 
what they can see nearly at 90% clear of what the 
output was. 

Nothing really.  

14 learning how a programmer uses AI  teaching AI how to recognise handwritten numbers the debate we did create an AI 

16 Debating whether the doctor was negligent or not. 
The NHS would've authorized the AI diagnosing it, so 
it isn't the doctor's fault. 

Proving our point. More debates/court cases. 

17 The problem was because of the NHS, not the doctor How court would take place  Finding arguments More ethical discussions 

22 
Debating a case that should have been dismissed 
from the very start. 

How much effort it takes to get a robot to recognise 
a number 

Trying to get 100% on the AI accuracy More debates/ practical tasks 

23 the debate against ai equipment ai intelligence   

25 debating about AI and doctors how AI is used in medical stuff Debating  I don't know 

33 
The advantages and disadvantages to AI used in 
healthcare. 

How the NHS would have been liable to AI mishaps. Nothing. Learn in depth. 

35 The debate Learning about Artificial Intelligence nothing  

36 the debate I don’t know making points for the debate another debate 

37 
learning about artificial intelligence in medicine and 
doctors 

 understanding the difference between artificial 
intelligence and programming 

more ai stuff 

39 
Learning the future of AI in healthcare and the pros 
and cons of it. 

The debate on whether it’s useful or not. nothing  i do not know 

41 the debate different statistics  Beating the defence  more debates  

42 the debate that doctors can be misplaced   

43 debate debate nothing more debates 
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Appendix 6 Internet of Things stream detailed content 

IoT Club 

Some big questions: 

• What is the Internet? 

• What is the Internet of Things? 

• What IoT ‘things’ do you have, or not about? 

Internet of Things 

Some big questions: 

• Why do we use IoT devices instead of … not? 

• What IoT devices do you think are the most useful or important? 

• What IoT devices do you think are completely and utterly bonkers? 

Top IoT projects in 2020 

What ethical considerations do you think IoT raises? 

• Access to the software – Transparency and Trust 

• Accessibility for those with a disability  

• Discrimination & Equality 

• Issues of privacy and responsibility 

Ethical aspects of IoT 

What other subjects could make use of IoT devices to enhance learning? 

• Geography? 

• Physics? 

• Maths? 

• RE….? 

IoT Day 

Session One 

• Make an Arduino “blink” it’s LED 

• What’s an LED? 

• What’s an Arduino, for that matter? 

Keyword Check 

• Sketch 

• Comments 

• Variables 

• Functions 

• Milliseconds 

Questions 

• what does digitalWrite do? 
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• what does delay do? 

• What was easy? What was tough? What mistakes did you make? Why? 

Session Two 

• Read a button being pressed 

• What is a button? 

• Can you think of any problems that could occur? 

Keyword Check 

• Output 

• Input 

• Constants 

• If..Else 

• Pin 

• Logical and and or 

Questions 

• what does digitalRead do? 

• what do we need a resistor for? 

• What was easy? What was tough? What mistakes did you make? Why? 

Session Three 

• Sense the amount of light 

• What is an LDR? 

• Can you think of any problems that could occur? 

Keyword Check 

• Light Dependent Resistor 

• Voltage 

• LED 

• Anode 

• Cathode 

• Serial monitor 

Questions 

• what does digitalRead do? 

• what do we need a resistor for? 

• What was easy? What was tough? What mistakes did you make? Why? 

Session Four 

• Sense the temperature and humidity – and store on the Internet 

• How do we get two readings from only one signal wire? 

• Can you think of any problems that could occur? 

Keyword Check 
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• Sensor 

• API 

• String 

• URL 

• Port 

Questions 

• What could happen if your API key was public? 

• Why do you think we only update every 20s? 

• How could you deal with network problems? 

• What was easy? What was tough? What mistakes did you make? Why? 

Questions 

• What IoT / Microcontroller devices would you like to build? 

• What ethics problems can you foresee? 

• Can you think of any solutions? 
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Appendix 7 Internet of Things students’ data 
Session 1 IoT 

 What was most interesting in this session? 
What is the best thing that you learned in this 
session? 

What was most challenging in this session? 
What would you like to do next (in relation to 
today’s session)? 

5 discovering new IoT devices How connected everything is Knowing what internet actually means Build a device 

6 Learning about IoT That there is such a thing as smart mirrors! Defining Internet Anything 

8 
Learning about the various ways that IoT can be 
incorporated into our day to day lives (i.e. smart 
mirrors) 

That I will one day be able to have a smart mirror. 
Maybe. Unless I'm poor. Or dead.  

Trying to think of ways that IoT can be incorporated 
into school subjects.  

Start making an Arduino.  

11 
We learnt what IoT means which means 'internet of 
things' and how it is all around us in devices. 

The meaning of the whole phrase and if the devices 
are useful or not. 

  

16 
Learning about the IoT projects that are going to 
happen.  

Learning about what IoT can do. Listening to the robot explain the ethics of IoT. Experiment with IOT. 

19 
How technology is being used more in the world 
every day. 

Smart mirrors IoT  

20 
the foundation of IoT and the leading into what 
we’re going to do next week Wednesday  

everything  work with the computers more 

22 
Learning what the IoT can and will become in the 
future. 

That people want to make an mirror that can play 
videos and search on the internet; just like the 
phone?! 

Listening to a robot try to explain the IoT. Do something practical with the IoT. 

24 learning about the mirror. learning about the door nothing build a robot 

25 learning about what IoT is. how everything would use IoT. nothing. see more examples of things that use IoT. 

26 
Finding out about how the internet of things id 
involved and could be involved in everything in our 
everyday life.  

The Internet of Things and how it affects us nothing Make something to do with the Internet of Things 

28 The videos All the new products they are working on 
Deciding whether the new products will be useful or 
useless 

Research on the new smart product plans for the 
future generations 
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29 
learning about the different uses of internet in our 
day to day life 

how internet of things can come in many different 
forms to help humans 

 learning more in depth about internet of things 

30 finding out about IoT finding out about new inventions in the future nothing make something including IoT 

32 
Finding out how common IoT is used on a day to day 
basis. 

How IoT is going to be used in the future. Nothing Create something including IoT. 

33 The in-depth links of IOT to the world. 
Knowing that there are so many things being 
invented in the world without many people 
knowing. 

Tolerating the scripted voices in the videos with the 
weird cartoons. 

Learn more about internet of things and how it 
works. 

34 
How so many things are being invented without 
people being aware that they even exist. 

How a basic mirror has so many functions. Nothing. 
Anything exciting and interesting that you have 
planned. 

35 learning about the upcoming robotic creations. 
how technology is going to be put into things like 
farming 

nothing I am not sure 

37 
learning how the IoT will be used in future 
technologies 

 hearing a robot speak Arduino board 

38 learning about how technology uses our data  learning about internet of things   learning more in depth about internet of things  

39 Learning about the inventions involving IoT. To know how IoT is advancing. nothing Learn how to build an iot invention. 

41 Learning the top IoT inventions  Learning about IoT nothing the boards  

45 IoT   how IoT can develop nothing  

46 learning about ideas for IoT about the cool IoT mirror nothing see more examples of IOT 
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Session 2 IoT 

 What was most interesting in this session? 
What is the best thing that you learned in this 
session? 

What was most challenging in this session? 
What would you like to do next (in relation to 
today’s session)? 

2 learning how to make the button connect can’t remember making the 2 buttons connect make something to do with LED lights 

3 playing with the light coding our Arduino making it do a beat build a jet 

5 Coding the Arduino How program an Arduino Trying to make the Arduino work Program a Button 

8 
Programming our Arduino to communicate in morse 
code.  

How to communicate in morse code, probably.  
Figuring out how to programme my Arduino to use 
two buttons to activate the LED.  

 

11 
learning how to make a circuit to let a button make 
a light flash.  

doing the circuit making a second button make the light flash up  

12 putting your circuit together how it all worked trying to figure out the program on the computer  I’m not sure 

14 building a circuit building a circuit building a circuit program a Button 

16 Getting the LED to blink. 
How to get the LED light to turn on and off and for 
different amounts of time. 

Getting the button to turn the light on. The same thing but easier instructions that work. 

17 Making the LED light to blink  How to make Arduinos work Getting the button circuit to work  Easier versions of projects for Arduinos 

19 Attempting coding in Arduino Internet of things Setting up the circuit 
Anything that is not boring, and it is not too 
challenging and hard to figure out like Arduino.  

20 
working with the Arduino boards and connecting the 
wires building circuits  

how to build circuits  
getting the Arduino boards to flash and light up, also 
to create a beat with the flashing 

working more with the Arduino boards and 
challenge myself to do things outside of the box 

21 getting the light to blink at the right time. building the circuits. the coding for the Arduino. to learn more about the internet of things 

22 How much code is needed to turn a light on and off That a small robot can cause so much stress Trying to program the Arduino Use a simpler device to code 

23 Being able to make a circuit with the Arduino Making the Arduino flash to beats of a song the sensor task build something similar to a robot 

25 learning about Arduino. making the Arduino LED flash Doing the sensor task on the Arduino. Play around more with the Arduino. 

26 Creating circuits using Arduino board.  
Learning different components of coding such as 
variables, comments and functions.  

Remembering how variables, comments and 
functions work and using a button to make LED 
lights light up as it was frustrating to make it work.  

Something to do with the Arduino circuit such as 
creating sensors with clear instructions, so it is easy 
to follow and understand.  

29 getting the Arduino to blink 
 being able to use the Arduino and make our own 
circuits 

doing the coding on the Arduino I would like to do more on coding so that its easier  
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30 trying to work out how to use the Arduino I’ve gained some knowledge on Arduino boards 
trying to follow the steps to get the Arduino to blink 
and do lots more 

I would love to try and create something using the 
Arduinos, or be able to control something 

32 How the Arduino's work  How to use the Arduino's. Making it turn on and off by the push of a button Try morse code using the Arduino's 

33 The Arduino board and making the circuits. 
he few understandable facts about the Arduino 
boards. 

Most of it, mainly understanding the booklet. Learn more about this in an understandable way. 

34 Attempting to build circuits. About Arduinos. Following the booklet on Arduino. 
Anything more interesting/easier than Arduinos 
because it was very challenging. 

35 The Arduino Boards. The ethics of the internet in things. Attempting to code the Arduino Boards. 
I hope to understand how to code the Arduino 
Boards more. 

37 doing the Arduino boards how to build a circuit trying to get it to actually work do more Arduino boards but individually not in pairs  

38 getting the Arduino to blink  building thee Arduino task /setting up the circuit  doing the coding on the Arduino  I would like to be doing more on coding  

39 
Trying to get the LED to blink at the right time on the 
Arduino. 

Building the circuits.  The coding behind the Arduino. To learn more behind the Arduino. 

40 working with Arduinos internet of things can be used in everyday life some part of the booklet  

41 Learning about the Arduino board.  The different circuits using the breadboard. Every Challenge after 1a  Something to do with Arduino but a little bit easier  

42 how the Arduino board works how different strategies work finding the right code turn lights on and off 

43 learning how to use an Arduino. using the Arduino. figuring how to make it work. try one size up. 

44 
Seeing the different code writings and learning what 
some of it meant. 

How to kind of work an Arduino board! 
Trying to get the orange light to come on the 
Arduino board! 

I would love to go around the school and play with 
the lights and just be mischievous really! 

45 Arduino board how to control Arduino board 
making errors in the connection and retrying until it 
works 

use light bulbs  

46 creating and coding the Arduino the Arduino functions coding more coding 
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Session 3 IoT 

 What was most interesting in this session? 
What is the best thing that you learned in this 
session? 

What was most challenging in this session? 
What would you like to do next (in relation to 
today’s session)? 

2 nothing that beeps are really annoying wires very messy idk 

3 talking as a class how to program something the wiring build a plane 

5 discussing ethics How involved IoT is with our world Ethics  

6 Arduino. Building circuits Ethics 
Anything, that can relate to the progression of The 
Internet OF things. 

8 
Talking about future careers and how IoT devices 
may be integrated into them.  

The ethics of various IoT devices (whether 
developers are liable for accidents, damage, etc) 

Discussing ethics. I'm not good at that.   

11 
how all of the things we have learnt about will be in 
our future dream jobs. 

   

12 the video um things about the computing  nothing  I’m not sure 

14 building a circuit  building a circuit building a circuit build another circuit 

16 Talking about ethics. 
How malfunctions with IOT can have serious 
consequences.  

Getting the LED lights to flash More ethics talk. 

17 Playing with the Arduinos How the inaccuracy of IoT affects the world  Following the projects More about the IoT effects in society 

20 everything playing with the Arduino and making lights flash doing the coding and input doing work with the Arduino 

21 trying to get the bulb to light up 
the process behind getting the bulb to light up using 
the Arduino 

getting the bulb to light up by building a circuit. find a solution that will help to light up the bulb. 

24 building the circuit building building carry on building 

25 experimenting with Arduino. Achieving making traffic lights with Arduino. Making the traffic lights with the Arduino. Make more things with the Arduino. 

26 
Watching a video and learning about the internet of 
things 

Doing a project of my preference using the Arduino 
circuits.  

Not much Finish my Arduino project.  

29 finding out Arduino projects work  trying out different Arduino projects 
getting the circuits to perform the way they are 
meant to 

try out more Arduino projects to make it easier 

30 was the video we watched about ethics we got to play around with the Arduino boards nothing make something with the Arduinos 

32 
Finding out how IoT has been used to convict 
people. 

How to use the Arduino's Turning it on and off (Arduino)  

33 
The Arduino board and how it links to Robotics, 
Internet of things, etc.  

Forming my own Arduino board structure, though, 
when I imported the code, it wouldn't work due to 
an error and there wasn't enough time at the end.  

Understanding the codes.  
Learn more in depth of the Arduino boards and the 
Internet of Things.  
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34 Making our own projects using the Arduino. How to use the Arduino. Attempting to make the Arduino work. Something even more exciting/interesting. 

38 trying to turn on the led light bulb  making the Arduino do different things   
trying the circuits multiple times to try turn on the 
light bulb  

trying out more Arduino projects     

39 Trying to find a solution to light the bulb. 
The process behind the led to light up using the 
Arduino and circuits. 

Actually lighting up the led light. 
Find a proper solution that will work to light up the 
bulb. 

40 playing with the Arduinos to keep persevering 
the coding is really specific like if u miss a space or a 
semicolon or space it will be an error 

 

41 The ethics talk  The debate  nothing IoT 

42 everything playing with Arduino making the light work play with Arduino board again  

43 The ethics talk  the debate  nothing IoT 

44 Learning about the Fitbit watches Learning how to kind of use an Arduino board Remembering what the different code meanings More on the Arduino board 

46 
using the cables and learning how the different 
parts work 

using the cables and learning how the different 
parts work 

getting the things to work I’m not sure 
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