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Welcome! 
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To get into the best universities, you must demonstrate that you are 

intellectually curious, and will make the most of the wonderful academic 
opportunities available to you.

One of the best ways of demonstrating this, is by going above and beyond 
what is taught in school and studying something that is not on the curriculum.

This resource will give you exactly such an opportunity. You will have something 
interesting to write about in your application to university, something interesting 

to talk about in a university interview, and open whole new areas of study you 
might be interested in! 

You will develop valuable academic skills as you go, that we have marked out 
with gold badges (see the next page on university skills). As you work through 

the resource you can look out for these badges so that you can explain which 
skills you have developed and what you did to demonstrate them. Developing 

these skills will help you get university ready! 

If you have any questions while you are using the resources in this pack, you can 

contact your teacher or email us directly at schools@access-ed.ngo. 

Good luck with your journey to higher education!

I am a historian and as a university student I became 
interested in the history of science. In fact, my curiosity took 
me to the University of Wisconsin in the USA where I studied in 
the history of science, medicine and technology programme. 
Did you know that some universities offer a history of 
computing course? Here are some readings you can explore 
from a university course taught in the USA: 
https://ocw.mit.edu/courses/science-technology-and-
society/sts-035-the-history-of-computing-spring-
2004/readings/
Dr Rajbir Hazelwood Programme Director, AccessEd

I love listening to podcasts, and I highly recommend listening 
to weekly podcasts as it’s a quick and interesting way to 
discover new ideas and hear experts speak about what they 
know best. I would recommend finding new episodes on 
https://podcasts.ox.ac.uk/series/computer-science
Michael Slavinsky Education Director, The Brilliant Club
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University Skills

To complete this resource, you will have to demonstrate impressive 

academic skills. When universities are looking for new students, they will 
want young people who can study independently and go above and 

beyond the curriculum. All of these skills that you will see here will 
demonstrate your abilities as a university student – while you’re still at 

school! Every time you have to look something up, or write up a reference 
you are showing that you can work independently. Every time that you 

complete a challenging problem or write an answer to a difficult question, 
you might demonstrate your ability to think logically or build an argument. 

Every time that you evaluate the sources or data that you are presented 
with, you are showing that you can “dive deep” into an unfamiliar topic and 

learn from it. 

Here are the skills that you will develop in this course:

independent research    your ability to work on your own and find 
answers online or in other books

creativity     your ability to write something original and 
express your ideas

problem solving                       your ability to apply what you know to new 
problems and challenges

building an argument            your ability to logically express yourself

providing evidence                 your ability to refer to sources that back up 
your opinions and ideas

academic referencing            your ability to refer to what others have said in 
your answer, and credit them for their ideas

deep dive your ability to go above and beyond the 
school curriculum to new areas of knowledge

source analysis                        your ability to evaluate sources for bias, origin, 
purpose and utility

data interpretation                 your ability to discuss the implications of what 
the numbers show

active reading your ability to engage with what you are 
reading by highlighting and annotating

University 
Ready!
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The Research-Based Curricula Programme creates
classroom resources that are based on cutting-edge
academic expertise at local universities.

These resources are intended to encourage pupils to
broaden their understanding of subjects and expose
them to academic research, as well as supporting the
development of core academic skills that boost exam
attainment.

Teachers can use these resources to supplement
activities in existing lessons, to design new lessons, or
to stretch and challenge high-achieving pupils with
extension work.

The aim of the programme is to support pupils to
develop cognitive and non-cognitive skills that the
research shows supports progression to university. This
includes deep subject knowledge, critical thinking, and
written and verbal communication.
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The Research-Based Curricula Programme builds on the University
Learning in Schools Programme (ULiS), which was successfully
delivered and evaluated through the London Schools Excellence Fund
in 2015.

The project was designed in a collaboration between Achievement for
All and The Brilliant Club, the latter of which is the sister organisation
of AccessEd.

ULiS resulted in the design and dissemination of 15 schemes of work
based on PhD research for teachers and pupils at Key Stage 3.

The project was evaluated by LKMCo. Overall, pupils made higher
than expected progress and felt more engaged with the subject
content. The full evaluation can be found here: ULiS Evaluation.
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The Research-Based Curriculum is designed to be used
flexibly by teachers to tailor extension activities for their
students. Some teachers may choose to adapt the
resources for groups of students during lessons.

The resources are designed to be completed
individually or in small groups, so teachers can use them
as class-based or homework tasks. Equally, teachers
can give the pack to some students to work through
independently when they have finished their normal
class work or during an extra-curricular club.

The resources will challenge students to think deeply
about specific content that may be beyond the
confines of the exam curriculum, while informing them
about cutting-edge research being carried out at local
universities. All the resources can help develop specific
skills required for GCSE examinations, which are
referenced in the Teacher Notes throughout the pack.
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AccessEd is a non-profit organisation that works to increase university
access for under-represented young people globally. We work in
partnership with universities and schools to deliver programmes that
mobilise researchers to share their academic expertise with young
people and the public. Visit www.access-ed.ngo. Follow @_AccessEd

The Higher Education Progression Partnership South Yorkshire plus
(HeppSY+) is part of a national programme to help school and college
students aged 13-19 in South Yorkshire, who are most at risk of missing
out on higher education. HeppSY+ is working in partnership with
Sheffield Hallam University, the University of Sheffield, and South
Yorkshire colleges and schools. Visit www.heppsy.org. Follow
@HeppSYplus
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Automatic Speech Recognition is how computers and technology understand 

human speech and what we say. It can be used to analyse our speech or to 
follow instructions.

Automatic Speech Recognition is important because it is an efficient way for 

machines to interact with humans. It can be used as a technology to help 
disabled people, support businesses with how they operate, or just be fun to do. 

This technology is growing – all of our smart phones now have software which 
understands what we say – and it’s not going away. If you are interested in 

computer science, you should be interested in ASR and understanding how it 
works.

Computer Scientists create the technology that allows humans to talk to 

machines. If you are studying computer science, then you are already learning 
the basics that can lead to you programming automatic speech recognition in 

the future. 

This pack include 6 lessons related to the topic of Automatic Speech Recognition 
in Artificial Intelligence. Each lesson has a specific link to the GCSE curriculum. The 

motivation for writing this pack of lessons is to let students link their current 
textbook knowledge to state-of-the-art research work or cutting-edge 

applications in computer science and artificial intelligence. 

To design an automatic speech recognition (ASR) system, it is best to have a plan 
first. It is a good idea to be able to visually see the plan and each step, therefore 

we draw flowcharts to organise our thoughts on how to do each step. Drawing a 
flowchart is also a great way to present your thoughts to others. When drawing 

the flowchart, you need to consider what you already have at the start (the input 
for the system) and what your goal is (the output of the system). 

Active 
Reading

Deep 
Dive
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Independent 
Research

Researchers in computer science try to create generic tools that can be included 

in machines and other types of technology, from cars to computers.
As computer science is a subject rapidly developing and changing over time, the 

key skills I would suggest are to keep yourself up-to-date and be ready to learn 
new things to adapt to new developments. It is good to set a goal for yourself, 

like learning how to code, so that you have your own direction and not to be 
distracted by every new thing that you encounter. 

The best thing about studying Computer Science at university is that you are 

able to design real projects to deliver to real clients as well as there being lot of 
qualified people available to support you. If you want to be an inventor – it is like 

a dream come true! 

After staying Automatic Speech Recognition in Artificial Intelligence  for nearly 10 
years, I have never felt I have learnt enough, it is the future and it will gradually 

appear more and more in our daily lives!  It is also very important. As you know 
speech is the most natural way for humans to communicate with each other, but 

why do we have to type to machines? Why can’t we just talk to them as naturally 
as possible? It could maybe then also pick up the speaker’s emotions and other 

underlining information, which may let it assist us better. At the same time, if a 
machine can detect different patterns of sound or different types of voice, it will 

be able to keep records or help us to find out why something has happened. 
Artificial Intelligence agents will help us record our daily life as a diary and let us 

understand ourselves better. 

First, we will analyse inputs. This is a very interesting topic. Our key problem will be: 
how do you transfer speech or song information into a language that a computer 

or robot can read? When we have turned our inputs into data, we will need to 
group or discard some of the data, and therefore we need to look into data 

structures and how to categorise them. This starts by using AND and OR gates. 

After thinking about the input, we also need to think about how to achieve the 
output, and all the small stages in between which include other inputs and 

outputs. It is always good to do it one step at a time and analyse the input and 
output in each of those steps. We will try some real world applications, for 

example building a website to do this job. If you are willing to do a bigger 
challenge, we will guide you to consider how to get a robot to understand human 

language, or even communicate with us!

Studying Automatic Speech 
Recognition at University
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Deep 
Dive

Meet the PhD Researcher: Chenhao Wu

What is a PhD student? A PhD, or Doctor of Philosophy is the highest academic 
qualification awarded by most universities. PhD students conduct original 

research on a specific topic or question, producing a thesis that is typically 
70,000 - 100,000 words long and defending their thesis to experts in their chosen 

field to obtain a PhD. 

What is a PhD researcher? A PhD researcher, or post-doctoral researcher has 

already obtained their PhD qualification and has continued to work in their 
chosen field or a similar field. 

What is a university department? A university department is a group of 
academics working in a similar area of interest including professors, lecturers, 

principal investigators (PIs), post-doctoral researchers, PhD students, masters 
and undergraduate students. 

Chenhao is currently doing part-time research and 

other part-time industrial work and is also a 
teaching assistant at the University of Sheffield. She 

has completed degrees in three different disciplines: 
Computer Science, Linguistics and Electronic 

Engineering of which the Electronic Engineering 
BEng training in the Beijing Institute of Technology 

helped her build a good foundation of hardware 
knowledge and the linguistics postgraduate study

in Edinburgh help her develop a broader sense of how to combine artificial 

intelligence with our day-to-day languages. She received a 1st class MSc degree in 
Computer Science from the University of Sheffield, from which she started her 

journey into software, algorithms and system design and realised that she is very 
much fond of coding. She has helped teach/demonstrate for more than 10 

different courses in the Computer Science department and recently received a 
best tutor reward while taking part in a computer science/robotics teaching 

program abroad. Her PhD is about using the active learning method to improve 
acoustic models in automatic speech recognition systems. For this, she looks into 

how to use statistical methods to make use of the most errorful data and 
selectively choose and correct the errorful data to improve the acoustic model’s 

performance. Apart from working, teaching and researching, most of her time is 
spent hosting/facilitating public engagement events, such as when she was one of 

the most welcome MC at the Pint of Science event in Sheffield. She has lived in 3 
countries and travelled about 30 countries across four continents of the world and 

has enjoyed being creative in many fields, including writing this GCSE lesson 
package. 
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Building a Machine That Can 
Listen to Us
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T E A C H E R  N O T E

I N S T R U C T I O N S

Link to curriculum
Flowcharts; Representing 
algorithms 

For GCSE Computer Science students should be enabled to:

1. Understand the components that make up digital systems, and how they 
communicate with one another and with other systems.

2. Understand and apply the fundamental principles and concepts of 
computer science, including abstraction, decomposition, logic, 
algorithms, and data representation .

3. Think creatively, innovatively, analytically, logically and critically.

This resource uses flow diagrams as an example of ways in which you can structure 
computer design logically, critically and creatively to plan the fundamental  logic 
behind a computer system.

1. Read and annotate the data source

2. Complete the written activities

3. Explore the further reading

4. Move on to Resource 2 in this pack
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Data Source
To design an automatic speech recognition (ASR) system, it is best to have a 

plan first. It would be a good idea to be able to visually see the plan and each 
step. The plan also needs to start with the input (what I have got), end with the 

output (the goal I want to achieve) and have how to get from one to the other in 
between. In our case the output is the text that corresponds to the speech 

waveforms that we have as input.

One way of representing algorithms is to use flow charts.  They are useful ways 
to plan a computer program and show others your thinking. It should show:

• The start and end
• The order the sequence are performed

• Points where in inputs and outputs occur
• Points where decisions are made

Here is a generic flowchart of an Automatic Speech Recognition (ASR) system:

Figure 1. A generic flowchart of an Automatic Speech Recognition (ASR) system 

Algorithm – A sequence of logical instructions for carrying out a task. In 
computing, algorithms are needed to design computer programs.

Automatic speech recognition -The process of speech-to-text transcription: the 
transformation of an acoustic signal into a sequence of words, without 
necessarily understanding the meaning or intent of what was spoken.
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1. Can you tell what is the input, what is the output of the above ASR system? 
What other steps are involved? 

2. Recall your flowchart lesson in computer science class, what do the different 
block shapes represent? 

3. What does a rectangle represent? What does a parallelogram represent? Can 
you tell which block represents a predefined process?

4. Write a paragraph that describes what happens in the flow chart. Talk with 
others to see what they came up with. Do you understand each other’s 
paragraphs?

5. Can you tell what is the input and output of ASR by reading though the following 
text?

What do the different shapes in the flowchart above represent? Finish the following 

sentences:
A diamond-shaped block represents a

A rectangle-shaped block represents a 
A parallelogram-shaped block represents a 

An oval –shaped block represents a 

Data
Interpretation

Activity 1
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Activity 2

Complex

Make your own flowchart

Here are two flowcharts for making a cup of tea, on the left is a simple flowchart 
that has much less detail than the complex flowchart on the right.

1. Now create a simple flowchart for making a cake. (Think about the input, 
output and main steps in-between).

2. Now create a complex flowchart. (Think about the minor details. For 
example, pour the mixture into the baking tray)

3. Challenge: Watch the activity video and make a flowchart for building a 
speaking robot 

Simple

Creativity
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Further Reading

Movie ASR Artificial Intelligence System

2001: A Space Odyssey (1968) HAL 9000 Computer

Star Wars Episode IV: A New Hope R2D2 and C3PO

Westworld (1973) Gunslinger

Star Trek (1966) Ships Computer

I, Robot(2004) VIKI and Sonny

Book: Gibbon et al. (2000) Handbook of multimodal and spoken dialogue systems

Films: Gibbon, Dafydd and Mertins, Inge and Moore, Roger K, Handbook of 
multimodal and spoken dialogue systems: Resources, terminology and product 

evaluation, Springer Science \& Business,  Mediavolume 565, 2012.

Find more movies that have speaking robots/machines and list the corresponding 
system (add more rows to the table above!)

Think about how those machines work, try to draw a generic flow diagram for the 

one you like the most!
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GCSE Computer Science – Flash Revision
Control Flow

Algorithms use control flow to make decisions about which order to do things. 
They can repeat actions or start new actions based on new information.

Computer programs use sequence, selection and iteration to control the flow of 
the program. These elements allow the program to make choices, change 
direction or repeat actions.

Sequence

The most basic algorithm uses sequences to present a list of instructions 
to be followed one after the other, step by step.

Example

1. unlock the door
2. open the door
3. enter the room
4. switch on the light
5. close the door behind you

Selection

A selection is used to make choices based on information. An algorithm 
can be made more intelligent by using IF, THEN and ELSE to repeat 
instructions or move to different parts of the program.

The algorithm about entering the room could be changed to account 
for different conditions. For instance, it could change to:

1. IF the door is locked, THEN unlock the door, ELSE do nothing (go to next 
instruction)

2. IF the door is closed, THEN open the door, ELSE do nothing
3. Enter the room
4. IF the room is dark, THEN switch on the light, ELSE do nothing
5. Close the door behind you

The sequence of actions that is carried out is selected based upon the 
information. The only way for a computer to discover the circumstances is to 
collect inputs and compare them to known values. In this case, known values 
would be values such as 'locked' or 'unlocked', 'closed' or 'open'. The computer 
looks at the door and checks to see if its current state matches 'closed' and 
'locked'. If it matches 'locked', the door needs to be unlocked. Otherwise, 
nothing should be done.
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How to Transfer Your Words or 
Singing into Machine Readable 
Language? 

Resource Pack AccessEd Research-Based Curricula
Computer Science Key Stage 4 
www.researchbasedcurricula.com

Link to curriculum
Data type;
Representing sound 

T E A C H E R  N O T E

I N S T R U C T I O N S

For GCSE Computer Science students should be enabled to:

1. Analyse problems in computational terms through practical experience of 
solving such problems, including designing, writing and debugging 
programs.

2. Understand the components that make up digital systems, and how they 
communicate with one another and with other systems.

3. Understand the impacts of digital technology to the individual and to 
wider society.

Using automatic speech recognition as an example, this resource explores the steps 
needed in a computer system to turn input into output, how the data can be 
interpreted and used to create a file.

1. Read and annotate the data source

2. Complete the written activities

3. Explore the further reading

4. Move on to Resource 3 in this pack



The first step in converting speech into text is the input of sound. To simplify the 

task we will only consider speech/singing sound, but there are many different 
kinds of sound that would affect speech recognition machines’ performance e.g. 

music, building reflection sound, animal sounds and other noises. 

Sound is produced in waves , this is know as an analogue signal (signals are 
voltages which change over time). Analogue signals have values which 

vary smoothly and are constantly changing. They are continuous and are often 
represented by waves, they are naturally occurring signals and are limited to 

range of maximum and minimum values.

To store sound we must convert it to a digital format that a computer can 
process. Digital signals have a finite set of possible values, they can only take 

certain values. Most commonly digital signals will have one of two values. The 
signals look like square waves and discrete. 

Sound waves are sampled to create the digital version. Sampling rate is the 
number of samples taken in a second and is usually measured in hertz (1 Hertz = 1 

sample per second).

04 19

Data Source 

Providing 
evidence

An example of an analog signal 
represented by voltage against time.

An example of a digital signal represented 
by voltage against time.
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Data Source

Speech and sound can be visualised in different ways. The simplest method is using 

a waveform, this shows the shape of wave has it has travelled over time. Another 
method is using a spectrogram (bottom). These represent the spectrum of 

frequencies of sound as they vary over time.

In order for sound to be captured it must be sampled digitally by ‘slicing up’ the 
sound horizontally (by amplitude) and vertically (by time duration) and capturing a 
digital snapshot.  

Sound processing as shown above is what is identified on the ASR flow diagram an 
feature extraction. This maps the speech waveform onto the a sequence of 
features such as length or frequency known as vectors. This sequence is then used 
to classify the speech. 

The initial stage of classifying the sound as a sequence of vectors is referred to as 
front end processing, or the starting point for the ASR system. In the real world 
waveforms can be very complex, therefore an extra step is put in to convert it to a 
simple signal.

The quality of the sound produced depends on how many samples are taken and 
the resolution of the sampling.  

Sampling rate is measured by taking vertical slices of the sound:

To capture a sound at CD quality, we would need to take 44,100 samples every 
second!  We would ‘draw’ 44,100 (vertical) lines in one second to divide it up. We 
would say that a sampling frequency of 44.1 kHz was used.

Figure 2. Two ways to visualise sound/speech, a  simple waveform (top) 
and a spectrogram (bottom) of conversational utterance.

Utterance: a spoken word, statement, or vocal sound.
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Activity 1

The figure below shows another simple waveform (top) and a spectrogram 

(bottom).  

Can you see how many sound frequencies combine to make the sound or 
‘utterance’ ‘SHIH’ above? What are the frequency numbers for those sound 

components?

Tip: Look at the sounds frequencies on the spectrogram that correspond to the 
first utterance. What three frequencies (y axis) do the sound components 

correspond to?

Can you find all the sound frequency components for each of the utterances 
above?

Utterance

Figure 3. A simple waveform (top) and a spectrogram (bottom). Image taken from 
Wang KC, The feature extraction based on texture image information for emotion 
sensing in speech. 2014 



Frequency is measured by taking vertical slices of the sound.

Amplitude (sample resolution) is measured by taking horizontal slices of the sound:

As you can see here, it is divided into 16 slices and it is not that accurate.

How do amplitude and frequency fit together to determine the overall size of 
captured sound files?

If you were recording a song by an artist in stereo, the song lasts four minutes and 

the sound is CD quality (sampling rate 44100 and resolution 16 bits), how big would 
the file size be?
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Activity 2

File size (bits) = Sampling rate (Hz) × Resolution (bits) × Sample length (seconds)

Data
Interpretation



Wolf, Jared J, Speech signal processing and feature extraction, Spoken 

Language Generation and Understanding 103--128,Springer, 1980.

J. N. Holmes, W. Holmes, Speech synthesis and recognition, CRC press, 2001.

Try to find some music processing articles/books and see if there is some 
difference between speech processing/feature extraction. Chat with your friend 

about it.

04 23

Further Reading

Providing 
evidence

Independent
Research
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What Does a Machine's Brain 
Look Like? 

Resource Pack AccessEd Research-Based Curricula
Computer Science Key Stage 4 
www.researchbasedcurricula.com

Link to curriculum
Datatype, logic gates 

T E A C H E R  N O T E

I N S T R U C T I O N S

For GCSE Computer Science students should be enabled to:

1. Demonstrate knowledge and understanding of the key concepts and 
principles of computer science. 

2. Understand the components that make up digital systems, and how they 
communicate with one another and with other systems. 

3. Understand and apply the fundamental principles and concepts of 
computer science, including abstraction, decomposition, logic, 
algorithms, and data representation.

This resource explains logic gates and how they are used in computer systems in 
order to process inputs, in this case speech in automatic speech recognition 
software.

1. Read and annotate the data source

2. Complete the written activities

3. Explore the further reading

4. Move on to Resource 4 in this pack
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Data Source

There are different types of sound, speech, music, animal sounds, rain, silence, 

different kind of noises. How can we distinguish them? How do we group similar 
sounds, for example a Liverpool accent and a Yorkshire accent are very different, 

but we group them together as speech, which is, usually, very different from 
classical music or rain and wind sounds. 

With any speech data, we can separate them into children's voices, women’s 
voices, men‘s voices etc. How does the machine cluster these different type of 

sounds? Logic gates. They are the first step to group different type of data and 
put them into different domains of the machine’s brain and be processed 

accordingly.   
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An OR gate will give a high output if any of the inputs is high. For example, in a 

simple lighting circuit with two switches in parallel the lamp will light if either 
switch is pressed.

An AND gate will give a high output only if all of the inputs are high. For 

example, in a simple lighting circuit with two switches in series the lamp will 
light only if both switches are pressed.

A NOT gate is slightly different because it has just one input. It will give a high 

output if the input is low. This could be represented by a simple lighting circuit 
with a push-to-break switch: if the switch is pressed then the lamp will turn 

off. NOT gates are often used in emergency-stop buttons on machine tools.

NAND gate: high unless both inputs are high.
NOR gate: high if both inputs are low.

XOR gate: similar to an OR gate but the output is only high if only one of the 
two inputs is high.

Data Source

Logic gate

Each one

Figure 1: Different types of Logic gates
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Fill in the table below. For each logic gate, give a definition and an example.

Logic gate Definition Example
AND
NAND
OR
NOR
NOT
XOR
XNOR

Discuss with the person seated next to see to if they have a different example of 

how to use those gates.

Figure 7. A snippet of the generic flowchart of an Automatic Speech Recognition 
(ASR) system 

Activity 1

Think about how to use those gates inside each flowchart block. In the graph 

below (which is a snippet shot of the step by step flowchart in lesson 1) we can see 
that the input is the digital feature we extracted from a speech waveform, the 

output is the machine predictive text that the machine ‘thinks’ corresponds to the 
speech. How does the machine ‘think’ or ‘decide’ which text matches the input 

waveform (or processed feature vectors)? 

Activity 2
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Activity 3

Have you noticed there are two other inputs to the search step of this flowchart? 
The machine actually decides the output in a very simple way: IF the input sound 

matches anything inside the acoustic model (sound based model) AND it 
corresponds to some word listed in the language model (text based model) AND 

the selected sound from acoustic model matches the selected words from 
languages model, the selected text will be the output of the ASR system. It needs 

all three!

I know this lesson contained lots of information, so let’s recap. We first talked 
about different types of sound, then we noted that there are many types of 

speech as well. However, we group speech together first and other sounds in 
another group. For example, whether Yorkshire accent OR Liverpool accent, both 

go to the speech bag. After we collect all the speech data and go through the 
feature extraction step, there is a search step to match the text with the input 

speech. However, only IF the speech utterance matches some information in the 
acoustic model AND the language model, can the machine make the decision to 

output the text.

The logic gate is very important and is foundational knowledge for you to do 
conditional coding. e.g. if a robot left foot AND right food both step forward the 

same distance, the robot itself will go forward in a straight line. If the robot’s left 
foot steps are NOT THE SAME as the robot’s right foot steps, it will NOT move 

forward in a straight line. 

Confused? How about standing up and trying to make your left foot move 
further than your right foot, see what happens?

a) Can you give some daily life examples to which you can apply one or two of 

the logic gates from the first graph in Resource 3? The more gates you can use, 
the more you think like a robot now! 

Challenge Question: Have a discussion about whether thinking like a robot is a 

good thing or not...

Watch a sci-fi movie in the list in lesson one and think about whether the robot in 
the movie is ‘thinking’ in a logical way or not! 

Further Reading

Independent
Research
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GCSE Design and Technology – Sneak Peak

Logic and Microcontrollers

Many electronic circuits have to make decisions. They look at two or more inputs 
and use these to determine the outputs from the circuit. The process of doing 
this uses electronic logic, which is based on digital switches called gates.

Electronic Logic: Digital and Analogue Signals

Logic gates allow an electronic system to make a decision based on a number 
on its inputs. They are digital electronic devices. Digital means that each input 
and output of the gates must be one of two states:

high, also known as 1 or 'on'
low, also known as 2 or 'off’

Devices such as thermistors, microphones and light dependent resistors (LDRs) 
produce signals that are analogue. This means that they vary over a range. 
Analogue signals must be processed by an analogue-to-digital converter 
(ADC) before they can be processed by a logic gate.

A single digital signal can be either high or low: eg a light with one switch can 
be on or off. However if there is more than one signal, there are more than two 
possible states. For example, if two signals are present there are four possible 
combinations: high/high, high/low, low/high and low/low.

In a logic gate each combination can be made to produce a different outcome.
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Input Speaking, Output Text! 

Resource Pack AccessEd Research-Based Curricula
Computer Science Key Stage 4 
www.researchbasedcurricula.com

Link to curriculum
Input/output;
Representing sound 

T E A C H E R  N O T E

I N S T R U C T I O N S

For GCSE Computer Science students should be enabled to:

1. Apply knowledge and understanding of key concepts and principles of 
computer science. 

2. Understand and apply the fundamental principles and concepts of 
computer science, including abstraction, decomposition, logic, 

algorithms, and data representation.

3. Analyse problems in computational terms through practical experience of 

solving such problems, including designing, writing and debugging 
programs.

This resource encourages students to consider the steps required to process data 
and how data quality can be measured for the example ASR system.

1. Read and annotate the data source

2. Complete the written activities

3. Explore the further reading

4. Move on to Resource 5 in this pack
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Data Source

Pre-processing and feature extraction

In the previous resource we learnt how to use logic gates to group different types 

of sound. After grouping different types of sound, there is then a filtering process 
to filter out all the non-speech data (e.g. bird sounds, laughter and music) before 

the feature extraction step. We can usually use logic gates to filter input data as 
well.

Usually good quality, or less noise input data can give higher accuracy text result. 
Also, if there is a very challenging data set which includes lots of noise and non-

speech data, the ASR system can get very confused. Therefore the output of the 
system may be random because there is nothing it matches with.

Therefore, when you do coding exercises and try to obtain user input from the 
keyboard, you will also need to think about how to get the user to give good 

quality input. (Hint: maybe a message before letting the user type input, or give an 
example to the user to structure their input. For example in a ATM system, if you 

want to withdraw money, the ATM will let you select 10, 20, 30, 50 which is a way to 
structure your input into the ATM machine. If the ATM lets you type the amount you 

want to withdraw, it may give a suggestion such as typing multiples of 5, or your 
withdrawal amount needs to be less than your account’s available balance etc.)

In the ASR machine, the input quality will depend on how good the ASR system is 
to use. Some systems can detect non-speech sound and will label it to bird 

sounds, laughter, music etc., these have been used for automatic generation 
transcriptions for BBC programmes. But, it would be a more complex system to 

design, you may need many models rather than only an acoustic model and a 
language model. But the technology is developing very fast, you may be able to 

develop some great ASR systems which I never would’ve thought of.
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1. Think about how to use NOT gate or other gates to filter non-speech sound
and get speech data?

2. Have a chat about what would happen if non-speech data was fed to the
ASR system, what output would we will get? (this may be a good example to
try when you do the 5th lesson and use the online ASR system to test it out)

3. When you use an ATM machine, does it give you other instructions before 
letting you type any input information?

Activity 1 



1. Try to calculate the WER for the predicted out text below:  (Hint, think about 

how many deletion, substitution and insertion, what is the sum of them, and 
what is the total number of words in the recognising phrase?)

2. When you write code to output to a file, think about whether the output is what 
you expected and how to evaluate that in a standard format. 
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Data Source

Evaluating output.

In general, generating text output is not the only goal for an ASR system, we also 

need to know how good is the text result, meaning what is the accuracy of the 
machine predicted output.  

There are many different methods to evaluate output. The most widely used 

continuous speech recognition evaluation metric is the word error rate (WER). This is 
based on the Levenshtein distance metric. 

The Levenshtein distance L(w$%,w'$()is the minimum number of edit operations 

(insertions, deletions and substitutions) required to transform the recogniser output 

w$%into the correct transcription w'$(.  The WER is the Levenshtein distance 

expressed as a percentage of the number of words in the correct (or reference) 

transcription. See the equation below:

the original speech is: ‘it was Sunday evening’

the predicted output is: ‘     is     Sunday late evening’

Where S is the number of substitution errors, I is the number of insertion 

errors, D is the number of deletion errors, N is the total number of words in 
the recognising phrase.

Activity 2
Problem 
Solving
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When we learn coding or any programming language, in the beginning, we 

may be too focussed on how to make the program work. For example, only to 
check whether you are able to obtain user input from the keyboard, if you are 

able to output data and information from a program to the screen and if you 
able to read/write from/to a text file etc. But when you do computer science 

or when you design a system, it is equally important to think about how to 
guide people to give correct input, whether the input contains noise data 

despite that and how to filter out the real signal from the input. Also when we 
generate output, it may worth thinking about whether the output is good 

enough and how to measure it so that you will know if there may be room to 
improve. 

Conclusion 
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GCSE Computer Science – Flash Revision

Digital audio quality

Factors that affect the quality of digital audio include: 

sample rate - the number of audio samples captured every second
bit depth - the number of bits available for each clip

bit rate - the number of bits used per second of audio

The Sample Rate
The sample rate is how many samples, or measurements, of the sound are taken 

each second. The more samples that are taken, the more detail about where the 
waves rise and fall is recorded and the higher the quality of the audio. Also, the 

shape of the sound wave is captured more accurately.

Each sample represents the amplitude of the digital signal at a specific point in 

time. The amplitude is stored as either an integer or a floating point number and 
encoded as a binary number.

Bit Depth
Bit depth is the number of bits available for each sample. The higher the bit depth, 
the higher the quality of the audio. Bit depth is usually 16 bits on a CD and 24 bits 

on a DVD.

Bit rate
The bit rate of a file tells us how many bits of data are processed every second. Bit 

rates are usually measured in kilobits per second (kbps).
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Link to curriculum
Aspects of software 
development 

T E A C H E R  N O T E

I N S T R U C T I O N S

For GCSE Computer Science students should be enabled to:

1. Analyse problems in computational terms through practical experience of
solving such problems, including designing, writing and debugging programs.

2. Think creatively, innovatively, analytically, logically and critically .

3. Understand the components that make up digital systems, and how they 
communicate with one another and with other systems.

This resources uses the example of a ASR website as a case study to explore 
computational design. Analysing how websites are build, what they require and how 
they can be improved if you think creatively.  

1. Read and annotate the data source

2. Complete the written activities

3. Explore the further reading

4. Move on to Resource 6 in this pack

Getting a Website to 
Understand What You Say 
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Data Source

One of the good things about studying computer science is that you get a chance 

to learn how to design and build a website. Although we may have many great 
ideas at a very early age, it is not always easy to make those ideas come true. Also, 

in order to study computer science, you will need technical support to help you find 
the best way to make your dream become reality!

Since we have a basic idea of how an automatic speech recognition system works, 

we may want it to have a good user interface. One example is google voice, which 
deals with real time streaming data (real time input, real time output). 

At the University of Sheffield Speech and Hearing lab, we have a WebASR

(http://www.webasr.org/). It mainly deals with speech files, to which you can 
upload and test the ASR system of the WebASR. 

1. Visit WebASR, http://www.webasr.org/
2. Have a look around the website and think about how you would design a 

website? What are basics for building a website? Try to start with a flowchart.
3. How about recording some speech/conservation/lecture data? Upload it onto 

WebASR. The WebASR supports mp3 format or waveform format of speech 
sounds.

4. Register to get a user account and upload the data .

Tip: for some web systems you may need to wait a bit to get the login notice, the 
WebAR is a system like this. Therefore you may need to register it before the class. 

After logging in, you can see at the top of the page it will let you match the best 
acoustic and language model manually first by selecting the environment and 

system sections. This will help the machine decide better. 
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You may find there is a sign-in form, which is a user interaction page where you 

send your information and the website will collect it to generate a link which is 
related to you and send you an email back. 

What else do you find there? A news section, a generic introduction, the logo, 

contact information (you may be able to find me there!). If it were your own website, 
what would you want to do differently?

Have you thought about how many types of user interface it will have, and who will 

have control of which page? 

Hint: General users use it to register, sign in, upload files, and get text results.
Web Admin who can update the news, edit the general introduction or          

change the logo etc.

Web Technicians who use programming language to code the website from 
scratch, e.g. from designing the flow diagram, to each of the inputs and outputs of 

each step and the functionalities to make the input become the output.  The Web 
Technicians are actually the people who build the brains of a machine! 

Also while the website is running, there may be technicians to maintain it. If there 

were too many people uploading files, they may have to generate a queueing 
system to direct the traffic or let one website run on many different computer 

systems so that no one computer gets overloaded. You may learn about these 
from the computer network textbooks as well.

Activity 1
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Designing and building a website is a great way to make your software/machine 

work for other people. Think about a flowchart for building a website and a 
flowchart for building an ASR system. You maybe can combine them to draw a 

larger, more complicated flow diagram! Try it, and explain it to others! 

Recap:
1) What are the basic features you would need to build a website? (Depending 

on what types of website you want to build, e.g. an online shopping website, 
what elements would you need to have? Hint: search bar, categories of goods, 

virtual basket, payment page, receipt page, etc.).

2) How many types of users would you consider while building a website? What 
are their roles? What do they do with the website? Hint, generic user, admin, 

web technician. 

Try WebASR and see if the output matches the input. You may contact the staff to 
ask any questions or even do a school trip to the Uni of Sheffield SpandH lab!

Further reading
https://www.epigenesys.org.uk/

http://www.dcs.shef.ac.uk/intranet/teaching/public/modules/level3/com3420.html

Building an 
argument

Independent
Research

Activity 2

Further Reading

Activity 3
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Robots That Talk and Listen 

Resource Pack AccessEd Research-Based Curricula
Computer Science Key Stage 4 
www.researchbasedcurricula.com

Link to curriculum
Hardware and software 

T E A C H E R  N O T E

I N S T R U C T I O N S

For GCSE Computer Science students should be enabled to

1. Understand the components that make up digital systems, and how they
communicate with one another and with other systems. This resource will
help students to understand the interplay between hardware, software
and coding.

2. Understand the impacts of digital technology to the individual and to
wider society. This resource focuses on how we interact with machines,
the limitation that there currently are on our technology and provokes
students to consider what kind of relationship we want to have with
technology on a daily basis.

1. Read and annotate the data source

2. Complete the written activities

3. Explore the further reading

4. You can share any work you produce with the
researcher who created this pack by sending it to
assignments@access-ed.ngo

5. Find out more about studying Physics at university
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The Relationship Between Hardware, Software 
and Coding in Robotics

When I was little I always dreamt of having a robot that could read stories to me, 
and now the dream has nearly come true. However, at the same time I noticed, 

having good human friends is also very important.

Programming languages are often used to develop software for embedded 
systems and for controlling specific hardware components.

Hardware - What you have got in the real world.

Software - Intelligent system inside.
Coding - Designing & building the intelligent system.

You may get lots of input data from the hardware devices e.g. light sensor for 

designing a robot chasing light. When the light levels increases, the number that 
is generated from the light sensor hardware will also increase. Your code can put 

as a condition that if the light sensor number reaches a certain level then the 
speed of the robot’s engine will go up at the same time.

Therefore, for robotics coding design, the output will relate to the robot 

hardware e.g. the speed of movement, wheels, legs or even wings!

Activity 1
Hardware vs Software, body vs mind, which is more important, please explain? 

(One of the best answers is heart!)
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Activity 2: From Dreams to Reality

Have you noticed the difference between robots in fantasy and robot in our real 
world? Have a chat with the people around you and list 5-10 differences that you 
are aware of.

What would you need to think about when write code to design the software of a 
robot?

Hint: The limitations of the hardware. 

Do you think the robots in current technology are good enough? What is the 

difference when you interact with a human compared to when you interact with a 
machine or robot? What can we not do with robots?

Activity 3: The Technology So Far



Have you ever communicated with an animal? What is the difference when you 
interact with a machine? 

Ideally, we may want to design a robot that will understand us and form some 
personal connection to it. But its system will be much more complex than any of 
the existing technology. Maybe you will be the one to make this dream come true!

Debate 1
Good machine vs bad person, choose one.

Debate 2
Do you believe robots will understand humans?

04 43

Further Reading

Creativity

Activity 4: Emotional Connections
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Why is good note taking important?

If it feels like you forget new information almost as quickly as you hear it, even if 
you write it down, that’s because we tend to lose almost 40% of new information 
within the first 24 hours of first reading or hearing it. 

If we take notes effectively, however, we can retain and retrieve almost 100% of 
the information we receive. Consider this graph on the rate of forgetting with 
study/repetition:

Learning a new system

The Cornell Note System was developed in the 1950s at the University of Cornell 
in the USA. The system includes interacting with your notes and is suitable for all 
subjects. There are three steps to the Cornell Note System. 

Retention: the act 
of absorbing, and 

continuing to 
keep information

Repetition: the act 
of repeating an 

interaction with the 
material / notes

Repetition 
increases 
retention

Drop in 
retention 
after 18 
minutes

Step 1: Note-Taking

1.   Create Format: Notes are set up in the Cornell 
Way. This means creating 3 boxes like the ones on 
the left.  You should put your name, date, and 
topic at the top of the page. 

2.  Write and Organise: You then take your notes in 
the ‘note taking’ area on the right side of the page. You should 

organise these notes by keeping a line or a space 
between ‘chunks’ /main ideas of information. You 
can also use bullet points for lists of information to 
help organise your notes.

University 
Ready!
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Step 2 Note-Making

1.   Revise and Edit Notes: Go back to box 1, the note taking area and spend 
some time revising and editing. You can do this by: highlighting ‘chunks’ of 
information with a number or a colour; circling all key words in a different colour; 
highlighting main ideas; adding new information in another colour

2.  Note Key Idea: Go to box 2 on the left hand side of the page and develop 
some questions about the main ideas in your notes. The questions should be 
‘high level’. This means they should encourage you to think deeper about the 
ideas. Example ‘high level’ questions would be:
• Which is most important / significant reason for…
• To what extent…
• How does the (data / text / ideas) support the viewpoint?
• How do we know that…
Here is an example of step 1 and step 2 for notes on the story of Cinderella:

Step 3 Note-Interacting

1.   Summary: Go to box 3 at the bottom of the page and summarise the main 
ideas in box 1 and answer the essential questions in box 2. 

Give the Cornell Note Taking System a try and see if it works for you!
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These words will often be used when university tutors set youu essay questions -
it is a good idea to carefully read instruction words before attempting to answer 
the question. 

Analyse – When you analyse something you consider it carefully and in detail in 
order to understand and explain it. To analyse, identify the main parts or ideas of 
a subject and examine or interpret the connections between them.

Comment on – When you comment on a subject or the ideas in a subject, you 
say something that gives your opinion about it or an explanation for it.

Compare – To compare things means to point out the differences or similarities 
between them. A comparison essay would involve examining 
qualities/characteristics of a subject and emphasising the similarities and 
differences. 

Contrast – When you contrast two subjects you show how they differ when 
compared with each other. A contrast essay should emphasise striking 
differences between two elements. 

Compare and contrast – To write a compare and contrast essay you would 
examine the similarities and differences of two subjects. 

Criticise – When you criticise you make judgments about a subject after thinking 
about it carefully and deeply. Express your judgement with respect to the 
correctness or merit of the factors under consideration. Give the results of your 
own analysis and discuss the limitations and contributions of the factors in 
question. Support your judgement with evidence. 

Define – When you define something you show, describe, or state clearly what it 
is and what it is like, you can also say what its limits are. Do not include details 
but do include what distinguishes it from the other related things, sometimes by 
giving examples. 

Describe – To describe in an essay requires you to give a detailed account of 
characteristics, properties or qualities of a subject.

Discuss – To discuss in an essay consider your subject from different points of 
view. Examine, analyse and present considerations for and against the problem 
or statement.

University 
Ready!
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Evaluate – When you evaluate in an essay, decide on your subject’s 
significance, value, or quality after carefully studying its good and bad 
features. Use authoritative (e.g. from established authors or theorists in the 
field) and, to some extent, personal appraisal of both contributions and 
limitations of the subject. Similar to assess.

Illustrate – If asked to illustrate in an essay, explain the points that you are 
making clearly by using examples, diagrams, statistics etc.

Interpret – In an essay that requires you to interpret, you should translate, 
solve, give examples, or comment upon the subject and evaluate it in terms of 
your judgement or reaction. Basically, give an explanation of what your subject 
means. Similar to explain.

Justify – When asked to justify a statement in an essay you should provide the 
reasons and grounds for the conclusions you draw from the statement. Present 
your evidence in a form that will convince your reader.

Outline – Outlining requires that you explain ideas, plans, or theories in a 
general way, without giving all the details. Organise and systematically 
describe the main points or general principles. Use essential supplementary 
material, but omit minor details. 

Prove – When proving a statement, experiment or theory in an essay, you must 
confirm or verify it. You are expected to evaluate the material and present 
experimental evidence and/or logical argument.

Relate – To relate two things, you should state or claim the connection or link 
between them. Show the relationship by emphasising these connections and 
associations. 

Review – When you review, critically examine, analyse and comment on the 
major points of a subject in an organised manner.
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Exploring Careers and Study Options

ü Find job descriptions, salaries and hours, routes into different careers, and 
more at https://www.startprofile.com/

ü Research career and study choices, and see videos of those who have 
pursued various routes at http://www.careerpilot.org.uk/

ü See videos about what it’s like to work in different jobs and for different 
organisations at https://www.careersbox.co.uk/

ü Find out what different degrees could lead to, how to choose the right course 
for you, and how to apply for courses and student finance 
at https://www.prospects.ac.uk/

ü Explore job descriptions and career options, and contact careers advisers 
at https://nationalcareersservice.direct.gov.uk/

ü Discover which subjects and qualifications (not just A levels) lead to different 
degrees, and what careers these degrees can lead to, 
at http://www.russellgroup.ac.uk/media/5457/informed-choices-2016.pdf

Comparing Universities

ü https://www.whatuni.com/

ü http://unistats.direct.gov.uk/

ü https://www.thecompleteuniversityguide.co.uk/

ü Which? Explorer tool – find out your degree options based on your A level and 
BTEC subjects: https://university.which.co.uk/

UCAS

ü Key dates and deadlines: https://university.which.co.uk/advice/ucas-
application/ucas-deadlines-key-application-dates

ü Untangle UCAS terminology at https://www.ucas.com/corporate/about-
us/who-we-are/ucas-terms-explained

ü Get advice on writing a UCAS personal statement 
at https://www.ucas.com/ucas/undergraduate/getting-started/when-
apply/how-write-ucas-undergraduate-personal-statement

ü You can also find a template to help you structure a UCAS statement, 
at https://www.ucas.com/sites/default/files/ucas-personal-statement-
worksheet.pdf

ü How to survive Clearing: https://university.which.co.uk/advice/clearing-
results-day/the-survivors-guide-to-clearing

University 
Ready!
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Computer Science at University
ü Computer science is the study of scientific and practical applications of 

computers in areas from programming language design to everyday software 

systems. 

ü You will learn how to develop complex software and systems using analytical and 

mathematical approaches.

ü You can find out more about different courses and entry requirements by 

exploring the UCAS Computer Science Guide online:          
https://www.ucas.com/ucas/subject-guide-list/computer-science

ü You can find out more about the different careers by exploring the UCAS 
Computer Science Careers online: https://www.ucas.com/job-

subjects/computer-science

A Deeper Look Into Computer Science

ü Listen: Programming Throwdown https://www.programmingthrowdown.com

ü Read: Once upon an algorithm, Martin Erwig, 2017

ü Read: Quanta Magazine Computer Science 

https://www.quantamagazine.org/computer-science/

Read: Andrew Hodges (1992) Alan Turing: The Enigma

ü Browse: Museum of Science and Industry: https://www.msimanchester.org.uk/

ü Browse: Science Museum https://www.sciencemuseum.org.uk



www.access-ed.ngo

@_AccessEd

hello@access-ed.ngo

www.researchbasedcurricula.com

66 Hammersmith Road,
London, W14 8UD

AccessEd is a non-profit company 
registered in England (#10383890)


