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Areas Covered A-Level Computing Year 1 2020-2021 

Updated 5.5.21 

✓ = done  

? = think not done - check 

Area Spec. 
Ref 

Content 

Structure and Function of the Processor ✓ (all 
done) 

1.1.1 ALU, Control Unit, Registers, 
MAR, MDR, CIR, PC, SR, 
ACC. FEC. CPU performance 
factors. Caching, clock speed, 
number of cores, pipelining. 
Pipelining (advantages, 
disadvantages). Buses (control, 
address, data). Von Neumann, 
Harvard architecture 
(comparison). Von Neumann 
bottleneck. 

Types of Processor 1.1.2 RISC and CISC (comparison). 
GPUS, use of GPUs for non-
graphic processing. Multicore 
and Parallel processors (types 
of parallel organisation) 

Input, Output, Storage ✓ (all done) 1.1.3 Use of I/O devices in different 
situations. Magnetic, flash and 
optical storage. 
RAM and ROM. BIOS. 
Bootstrapping. Magnetic drives 
and solid state drives. 
Virtual storage. Advantages 
and disadvantages of virtual 
memory. Speed of access to 
different memory types. 

Systems Software ✓ (all done) 1.2.1 Uses ✓, functions of OS. 

Memory management (paging, 
segmentation, virtual memory.) 
Interrupts. Scheduling 
algorithms. Device drivers. 
Virtual machines. Types of OS 

✓ (real-time, multi-user, multi-

tasking, distributed). Utility 
software (examples). 

Applications Development (Generation) ✓ (mostly 
done) 

1.2.2 Uses of applications for 
different purposes. 
Utilities. Open source vs closed 
source. Translators -- 
compilers, interpreters and 
assemblers. Java Byte Code, 
Java Virtual Machine 
(advantages). Comparison of 
compilers, interpreters and 
Java Byte code. Stages of 
compilation (lexical analysis, 
syntax checking, optimisation) 

?. Linkers, libraries. ? 

Software Development 1.2.3 Waterfall cycle, Agile, Extreme 
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Programming, Spiral, RAD 
(comparison of different 
methods). Stakeholders, 
Requirements specification, 
success criteria and 
measurement of criteria. 
Validation. Algorithms. Testing 
(testing strategies and test 
logs, test strategies compared 
(advantages and 
disadvantages). Data 
Dictionaries. Entity-
Relationship Diagrams. 

Types of Programming Language 1.2.4 Procedural languages. 1GL, 
2GL and 3GL. Low-level and 
high-level languages. 
Advantages/ 
disadvantages of high-level and 
low-level languages. Assembler 
(Little Man Simulator). Object 
oriented languages. 
Encapsulation, polymorphism, 
inheritance. Advantages and 
disadvantages of OO. 

Compression, Encryption, Hashing. ✓ (all done) 1.3.1 Advantages of compression. 
Lossy and Lossless 
Compression. When to use 
lossy and when to use lossless.  
Compression ratio. Asymmetric 
and Symmetric Encryption 

compared. Digital Signatures. ? 
Run Length and Dictionary 
Encoding (when to use each 
method). Hashing, hashing vs 

indexing. ?  

Databases ✓ (all done) 1.3.2 Relational Databases, flat files 
(disadvantages), primary key, 
secondary key, foreign key. 
Normalisation (1NF – atomicity 
of data). Referential integrity. 
Entity Relationship Diagrams, 
splitting M-to-M relationships. 

Networks ✓ (all done) 1.3.3 Characteristics of networks 
(advantages, disadvantages), 
protocols (why they’re needed). 
TCP/IP, DNS, Protocol layering 
(advantages). LANs and 
WANs, packet switching, circuit 
switching. Network security. 
Error-checking (different 
methods), proxy servers. 
Network hardware (routers, 
modems, switches, hubs – 
comparison of different 
devices). Client-server, peer-to-
peer (comparison). 

Web Technologies ✓ (all done) 1.3.4 HTML (know various tags), 
CSS (know various tags), 
JavaScript (variables, loops, 
IFs, functions). Uses of CSS 
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and JavaScript. Advantages/ 
disadvantages of CSS. Server 
and client side processing 
(comparison). Page Rank 

Algorithm. ? Search Page 

Indexing. ? 

Data Types 1.4.1 Primitive (simple) data types. 
Positive numbers in binary. 
Sign and Magnitude and Twos 
complement. Positive decimal 
conversions to binary and hex. 
Fixed point fractions. Floating 
point fractions, loss of precision 
with floating point. 
Normalisation of fixed point 
fractions (mantissa and 
exponent). Disadvantages and 
disadvantages of Fixed Point 
and Floating Point. ASCII and 
Unicode 

Data Structures ✓ (all done) 1.4.2 Primitive (simple) data types. 
Composite data types. 
Dynamic and Static data 
structures (comparison). Arrays 
(1D to 3D), Records. Lists 
(Python), Tuples, Stacks, 
Queues, Trees. Add/remove 
elements from stacks/queues. 
Add elements to binary trees, 
(stored in sequence when 
searched in-order) 

Boolean Algebra ✓ (partly done) 1.4.3 Define problems ✓, 

propositions, subject, predicate 

✓. Truth values, truth tables ✓. 

Tautologies, contradictions. ✓ 
Logical connectors, logical 

equivalents ✓. Logic gates. ✓ 
Deriving Boolean expressions 
from logic gates. Half-adder, 
full adder, uses of adders. 
Karnaugh maps for 2,3 and 4 
variables. Uses of K maps. K 
maps for simplifying an 
expression. De Morgan’s Law. 

✓ Association, distribution, 

commutation, double negation 

for Boolean expressions. ✓ 

Computer Legislation 1.5.1 Data Protection Act (terms). 
Computer Misuse Act (three 
offences). Copyright, Design 
and Patents Act. Regulation of 
Investigatory Power Act 
(arguments for and against) 

Moral and Ethical Issues 1.5.2 Computers in the workplace – 
loss of jobs, making work 
easier. Computers making 
automated decisions – 
Knowledge-Based Systems. 
Artificial intelligence – good and 
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bad aspects of robots. Effects 
of computers on the 
environment. Internet dangers 
(trolling, cyberbullying, internet 
fraud, terrorism, paedophilia). 
Checking on behaviour using 
cyber techniques. Storing 
personal information. Software 
piracy. Design of websites 
(appropriate use of colour, 
interfaces for disabled access, 
character sets for foreign 
languages.) 

Thinking Abstractly ✓ (all done) 2.1.1 Need for abstraction 
(advantages). Abstract models 
versus real (concrete) 
situations. Use of abstraction in 
different scenarios. Structure 
diagrams used in abstraction. 
Control and data abstraction. 

Thinking Ahead ✓ (all done) 2.1.2 Inputs and outputs for a given 
situation. Devising solutions to 
a give problem. Caching. 
Reusability. 

Thinking Procedurally ✓ (all done) 2.1.3 Breaking down problems into 
manageable units (structure 
diagrams). Use of procedures 
(modular approach -- 
advantages). 

Thinking Logically ✓ (all done) 2.1.4 Use of flow charts. Use of 
decision points (IF conditions). 

Thinking Concurrently 2.1.5 Concurrent vs parallel 
processing, identifying parts of 
a program which can be done 
concurrently, benefits and 
disadvantages of concurrent 
processing. Deadlock, 
starvation, race conditions. 

Programming Techniques ✓ (mostly done) 2.2.1 Program constructs -- 
sequence, iteration, branching 
(selection, IF and Case 
statements). Global, local 
variables. Procedures and 
functions. Parameters (passing 
by value and by reference). 

IDEs. ? Object-oriented 

techniques (advantages, 
disadvantages of object 
orientation, encapsulation, 
inheritance, polymorphism). 

Readability of programs. ? 

Computational Methods ✓ (all done) 2.2.2 Solving problems using 
computational methods, things 
which the computer is not good 
at. Problem recognition, 
intractable problems, problem 
decomposition (structure charts 
to break down a problem). 
Divide and conquer algorithms. 
Abstraction, Backtracking, data 
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mining, heuristics, performance 
modelling, pipelining, 
visualisation. Object oriented 

techniques. ? 

Algorithms ✓ (all done) 2.3.1 Design algorithms for given 
situation. Algorithms for adding, 
deleting from Stacks, Queues, 
Trees. In-order tree traversal. 
Insert item into binary tree (in-
order sequence). Linear and 
Binary search (compare). 
Bubble sort and insertion sort 
(efficiency). Trace tables for 
insertion sort and bubble sort. 
2D array algorithms, array of 
records processing algorithms. 
File-processing algorithms. 
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Analysis 
Introduction 

Angela W is a teacher in Prior Pursglove College in Guisborough, Teesside, in the North East of 

England, who teaches Maths to 3 classes. Angela’s main role is ensuring that her students 

achieve high grades which can allow them to go to university, or apply for an apprenticeship. 
Angela has an average of about 20 people in her classes. She lives close to the college meaning 

transporting to work is not too time consuming. 

Prior Pursglove employs teachers and sometimes volunteers who help out with teaching. The 
college has been delivering education for over 450 years and currently has over 1200 students 

(most of which are aged between 16 to 18)  and about 300 staff, most of which study 3 A-

levels/BTECs/National Diplomas and they attend every week. The campus is made of 4 
buildings. The main building is used for maths, sciences, humanities and languages. The main 

building has many general facilities such as the resource centre, starbucks and other areas for 

independent study. There is a building that mainly specialises in sport, this building is also 
where the lecture theatre can be found and recently a nursery has opened in this building. The 

South Park Centre is for students studying Art and Film Studies. There is a building for English, 

Drama and Music and the final building is where the cafeteria and reception can be found. The 
college has almost 50 courses to choose from so students have a wide range of options, meaning 

it is easier to pick a course specific to the career they would like to pursue. Prior Pursglove has 

merged with Stockton Sixth Form which is also located in Teesside, meaning both share the 
same principal (Joanne Bailey). The college is known for its students receiving good grades and 

it has a 96% positive progression rate and therefore has a high acceptance rate for universities. 

A level Maths is the most popular course at Prior therefore it has quite a few teachers who 
specialise in the subject. Students at Prior sit mocks, which are called KAGs here, three times a 

year (six times in both years), meaning they get plenty of practice with doing exam papers and 

can perform better when doing their actual exams at the end of the second year. The college is 
also very enthusiastic about charity and volunteering; students and staff organise events such as 

selling food and taking in donations. 

In Maths, students use textbooks to do work; there are four textbooks, each of which contain 
different topics that the students will be tested on after completing their second year. Usually, 

when homework is set, students have to do questions from the textbook or do practice papers. 

Every student gets their own free copy of the online textbooks so that they don’t need to carry 
the Maths textbooks around with them. Angela demonstrates how to do questions by doing 

them on the interactive board using the online textbook. 

 

 

Area to be computerised 

I am creating a software solution that will have parts. The first part is a differentiation quiz that 

displays expressions and the user must differentiate them. The second part consists of a graph 
drawer that allows Angela to enter equations and see how they would look on a graph. The 

software will allow Angela to enter equations through an interface, which I will program using 

Visual Basic, as an input and then be outputted in the form of a graph. The software will allow 
the user to edit the equation at any time, displaying the changes made to the graph as the 
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equation is altered. The user can enter any equation they can think of for example, an equation 

of degree 2 or 7 can be entered.  

Computational methods 

Abstraction is the process of removing excessive details to arrive at a representation of a 

problem that consists of only the key features. Abstraction often involves analysing what is 
relevant to a given scenario and simplifying a problem based on this information. This is called 

representational abstraction. Another form of abstraction involves grouping together 

similarities within a problem to identify what kind of problem it is. This is called abstraction by 
generalisation and allows certain problems to be categorised as being of a particular type. 

Therefore, a common solution can be used to solve these problems. Thinking abstractly allows 

the developer to first program the main components of the program, then work on the detail 
such as colors, positioning of objects, etc. When making my program, I will use abstraction by 

generalisation to hide details such as axis scale, axis labels, background and foreground colors, 

etc. Another type of abstraction is data abstraction, in which details about how data is being 
stored are hidden. As a result, programmers can make use of abstract data structures such as 

stacks and queues without concerning themselves with how these structures are implemented.  

I will use data abstraction as the users of my program will not need to concern themself of how 

the code works and what the computer is doing. Instead, they can just type the equation into the 

program and have the graph output to them. If they get a question wrong (in the quiz), they can 

have the steps used to reach the correct answer outputted to them too. 

Visualisation is a computing technique used commonly to present data in an easy-to-grasp form. 

More complex visualisations are possible using computer processes, which allow a more 

sophisticated view of a complex situation. Visualisation is another technique that is used by 
businesses to pick up on patterns which can be used to inform business decisions. Visualisation 

can highlight facts and trends, which were not already observable. I will use visualisation to 

display equations onto a graph, where the pattern can be seen more easily. The graph will give 

the user a visual representation of how the x value affects the y value, so it will show the user if 

the expression is linear, logarithmic, periodic, etc. 

Decomposition is the process of breaking a complex problem or system down into smaller parts 

that can be more manageable and easier to understand, decreasing the complexity of the 

program. This continues until each subproblem can be represented as a self-contained 

subroutine. By identifying subproblems, programmers may find that certain sections of the 

program can be implemented using pre-coded modules or libraries which saves time which 

would otherwise have been spent on coding and testing. The smaller parts (subroutines) can 

then be examined and solved, or designed individually, as they are simpler to work with. 

Decomposition helps developers solve complex problems and manage large projects. 

Decomposition can help an individual developer as large projects can be daunting since they 

take a large amount of time and effort to complete so instead, they can split the project into 

multiple smaller parts and set goals for when each should be completed by. Decomposition in a 

business is very useful as it can allow the people working on a large project to work on different 

tasks, speeding up the production of the program. In my project, I will split the code up into 
smaller subroutines which will all be specific to their dedicated task, keeping the code 

organised. Eg. there will be a subroutine that does the calculations, one for visualising graphs, 

one for inputting equations, etc. 

Advantages of using a computerised system 
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Using computerised systems provides many advantages in comparison to paper based systems. 

Firstly, computer algorithms can generally do calculations faster than using your own mental 
maths. The brain can perform at most about a thousand basic operations per second, which is 

10 million times slower than a computer. One obvious example is a computer being faster than a 

human is a calculator; a calculator can perform calculations in less than one second whereas a 
person may take anywhere between 30-90 seconds to solve a simple calculation. With my 

program, differentiation will be much faster than if a person were to manually do the 

calculations. Visualising a graph also will be faster than someone manually doing this too. 

Additionally, computers have more security than paper, where you can only physically keep 

something secure.  One layer is setting up a username and password system so users must log in 

using their credentials which only they should know. If the users use complex passwords which 
they regularly change, the chances of their password being guessed can be reduced significantly. 

A firewall can also be used to prevent unauthorised networks access to the computer, by 

controlling incoming and outgoing network traffic based on predetermined security rules. 

Encryption can also be used to protect files from being read, written to or deleted. There are 

two types of encryption that can be used: symmetric and asymmetric. Symmetric encryption 

uses an algorithm which is easy to reverse to get back to the original message and a single key, 
shared by every computer on a network, is used to encrypt and decrypt a message. Asymmetric 

encryption doesn’t allow you to simply reverse the encryption algorithm to get back to the 

original file. Anyone is allowed to access the public key, which is used to encrypt the file but only 
certain (usually very few) people have access to the private key, which can decrypt a file. 

Although asymmetric encryption is more secure, it results in slower transmission/decoding 

speeds. However, if anything is stored on the cloud, data could be hacked into by someone who 
isn’t physically at the location of the computer by hacking into the server (if the cloud server 

providers don’t make it secure enough). Since my project will completely be offline, no one can 

hack into it from a different geographical location.  

Another advantage with using computerised systems is that, if the problem is solvable by an 

algorithm, algorithmic processes can always be performed. For example, iteration can be used 

to make decisions based on boolean arguments in milliseconds, which can be much quicker than 
make decisions yourself. A type of algorithm that can solve a problem very quickly is a divide 

and conquer algorithm. Divide and conquer algorithms allow a problem to be solved at a 

logarithmic rate, meaning the more parts there are to a problem, the less time increases to solve 
the problem. Typically, a divide and conquer algorithm splits the contents by the same 

proportion every time. Eg. it Ácould first split the contents into a half, then a quarter, then an 

eighth, etc. An example of a divide and conquer algorithm is a binary search, which halves the 
number of elements in an array every iteration, decreasing the amount of locations that the 

value that is being searched for could be. Since my problem is solvable by an algorithm, it can be 

solved using methods such as divide and conquer algorithms, meaning steps can be skipped to 
reach the final answer. However, depending on the interview, I may not do this as Angela may 

want the user to see each step of the program. 

Another advantage of using a computer is that they are more compact and it’s easier to search 
for specific files, compared to having to look through an abundant amount of paper. Being 

organised with paper requires folders and locations in a workplace for the files to be stored. On 

a computer, users can create new folders and add new files onto the machines for free (in 
contrast to buying folders). Finding a file on a computer is very simple if they’ve been stored in 

electronic folders specific to their purpose. Also, if the users are on a network, files can be 

shared between each other and permission can be granted to each person based on their role in 
the group. Eg. some people may be allowed to write onto files but others can only read them. My 
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program will be an executable file that can be searched for on school computers by pressing 

Windows + S, then typing in the name of the program. 

Another advantage of computerised systems is that it’s easier to comply with the law, although 

it means some additional laws must be followed. One of the principles of the General Data 

Protection Regulations requires data to be accurate and up-to-date. Updating data on a 
computer is much easier than updating data on paper as a new sheet may be required so that it 

still looks professional when working on paper, which would be quite a laborious process. In 

contrast, the user can easily go to where something needs updating on a computer, then delete 
it and replace it with the new, updated information. Another principle of the General Data 

Protection Regulations is keeping data safe and secure which can be done with methods such as 

encryption, strong passwords, firewalls, etc. The computer misuse act also has to be followed 
which ensures that the users of a program cannot gain unauthorised access to a program/file. If 

a user is intending to gain unauthorised access in order to commit a crime (and they are able to 

successfully modify the program/file) using the program, that is the most serious offence of the 

crime. However, since my problem is pretty general, it is highly unlikely for someone to use it to 

commit a crime. 

 

Stakeholders 

A stakeholder is a person (or multiple people) that either have a (direct or indirect) effect on a 

business or are people who may be affected by a business. The responsibility of a stakeholder 

depends on their role within the business. Eg. the headteacher of a school will have a bigger role 

than a cleaner. For my project, I will have two groups of stakeholders: teachers and students. 

A student is a stakeholder for the program as they will be the ones taking the quizzes. When 
using the application, students will answer randomised differentiation questions if they need to 

reinforce their knowledge on the topic or alternatively, they could use the graph drawer to see a 

visual representation of the graph so that they are aware of how different expressions form 
different types of graphs. This software will provide many benefits for the students such as an 

automatic graph drawer, which will be much quicker than drawing one on paper and it may 

serve as an additional revision tool. However, there are a few disadvantages with the system: 
the questions asked in the differentiation quiz will usually not be very difficult and the 

differentiation question that the student may get in an exam is likely to be much more difficult 

and may have additional parts. Another disadvantage is that the system may not work on any 

operating system besides Windows 7/8/8.1/10 as Visual Basic can only run on these operating 

systems. Fortunately, every computer in the college uses Windows 10 so Visual Basic can be 

downloaded onto them. 

I also have a teacher as a stakeholder so that they can use the application to teach the class and 

report any check to see if the application will prove to be useful for the students. Having a 

teacher as a stakeholder is crucial as they will know exactly what the application needs and will 
be able to fairly assess the difficulty of the questions. Using the graph drawer to instantly 

display graphs onto the interactive whiteboard will be much more efficient than having to draw 

a graph for every individual equation. Teachers can also plot two graphs onto the same axis so 
that students can see how the two graphs compare and where the two graphs intersect (if they 

intersect). Due to the quiz, the teacher may not have to create their own expressions that then 

need to be differentiated. Instead, students can just go onto the app, do a quiz and see how they 
do. This will mean that time will be saved and since questions are randomised, each student will 

be doing different questions. However, there will be the disadvantage of the teacher not being 
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able to see how the student has found the questions as the teacher will not receive the student’s 

score and it will be the student’s responsibility to let the teacher know that they are unable to 
do the question. 

 

Interview 

Interviewer: Bazil Shah 

Interviewee: Angela W 

Date of interview: 22-09-20 

Location of interview: Prior Pursglove College 

Questions 

Me:   What is your current role in the college? 

Angela: I’m a teacher of Mathematics, so I teach anything from A level Maths and 

Further Maths. 

Me:   How many students study at the college? 

Angela: In total? 

Me:   Yeah. 

Angela:  I think there’s about 1300 in the college. 

Me:   What do you think is the most popular course the college has to offer? 

Angela:  I think at the moment Psychology has the most students but we’re 

catching it up with Maths. 
Me:   On average, how many students do you think you teach per class? 

Angela:  Per class, it’s an average of 20. 

Me:   Okay, do you think that 20 students is a good size for each class? 
Angela: Ideally, I’d like less because then you can spend more time with each 

student. 

Me:   Do you use any computerised methods to teach your students? 
Angela:  In terms of computerised methods, what are you referring to? 

Me:   Anything that’s electronic, so anything on a computer. 

Angela:  Okay, so obviously the whiteboard is on the computer. I use Autograph. I 
use the emulator 

for the calculator and I’ve started using a package called Desmos as well. 

Me:   How useful do you think computerised methods are in comparison to non 
computerised methods? 

Angela:  They’ve got their places, especially for things like graph drawing and stuff 

like that, using the computer to actually see what the graph is supposed 
to look like really helps, rather than trying to do it without. 

Me:   What would your opinion be of a program that finds derivatives and of 

equations, and visualises them onto a graph? 
Angela:  Very good, very useful indeed, especially for the students. 

Me:   Do you think that the program should display the steps to how the 

derivative is found or should it just display the answer without any steps? 
Angela:  It depends on how you’re going to use it, if you’re going to use it as a 

revision tool. First of all, have the answers but then if a student gets it wrong, it 

should display the steps to show the student where they made the 
mistakes. 
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Me:   Is there a specific color scheme that you would like to see the program  

use? 
Angela:  Not particularly, I think you’d have to watch out for certain colors that 

people can’t see if they’re colorblind so watch out for things like that  

really. 
Me:   In your opinion, what factors do you think would make the program a  

success? 

Angela:  Whether it can successfully be used as a tool for students, so the program  
is actually working. I suppose one thing that could make it useful, would  

be if the program could be randomised, so if you have a number of students, not 

all students are getting the same questions. 
Me:  How many questions do you think there should there be per quiz? 

Angela: About 10, I’d say. 

 
Similar existing solutions 

GeoGebra is dynamic mathematics software for all levels of education that brings together 

geometry, algebra, spreadsheets, graphing, statistics and calculus in one easy-to-use package. 
GeoGebra is a rapidly expanding community of millions of users located in just about every 

country. GeoGebra has become the leading provider of dynamic mathematics software, 

supporting science, technology, engineering and mathematics (STEM) education and 
innovations in teaching and learning worldwide. From 2002 to 2016, Geogebra has won 16 

awards from multiple organisations: 

● Archimedes 2016: MNU Award in category Mathematics (Hamburg, Germany) 
● Microsoft Partner of the Year Award 2015: Finalist, Public Sector: Education (Redmond, 

WA, USA) 

● MERLOT Classics Award 2013: Multimedia Educational Resource for Learning and 
Online Teaching (Las Vegas, Nevada, USA) 

● NTLC Award 2010: National Technology Leadership Award (Washington D.C., USA) 

● Tech Award 2009: Laureat in the Education Category (San Jose, California, USA) 
● BETT Award 2009: Finalist in London for British Educational Technology Award 

● SourceForge.net Community Choice Awards 2008: Finalist, Best Project for Educators 

● AECT Distinguished Development Award 2008: Association for Educational 
Communications and Technology (Orlando, USA) 

● Learnie Award 2006: Austrian Educational Software Award (Vienna, Austria) 

● eTwinning Award 2006: 1st prize for "Crop Circles Challenge" with GeoGebra (Linz, 
Austria) 

● Les Trophées du Libre 2005: International Free Software Award, category Education 

(Soisson, France) 
● Comenius 2004: German Educational Media Award (Berlin, Germany) 

● Learnie Award 2005: Austrian Educational Software Award (Vienna, Austria) 

● digita 2004: German Educational Software Award (Cologne, Germany) 
● Learnie Award 2003: Austrian Educational Software Award (Vienna, Austria) 

● EASA 2002: European Academic Software Award (Ronneby, Sweden) 

 

https://www.geogebra.org/
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Here, Geogebra is displaying how the graph is formatted. This is useful as students can see what 

causes graphs to behave in different ways and how editing the expression changes the graph. The 

students can input multiple expressions on the left side of the screen so that they can see how 

different graphs interact with each other and they can also see how similar graphs follow similar 

patterns. On the bottom right, students can click buttons to zoom in or out which is very useful as 

they can see how the gradient changes by zooming further out. Additionally, users can use the 

keyboard button on the bottom left to open up an onscreen keyboard. This is useful for teachers as 

they don’t have to be at the computer and keyboard when entering in the expression. Instead, they 

can use the onscreen keyboard to type expressions on the interactive white board. This also means 

that they have a wider range of symbols they can use as mathematical symbols like √, π, ≥, ≤, etc. 

They can also go into fullscreen mode, meaning the whole screen is used to visualise the graph(s). 

When I create my project, I will use the same input format so that instead of the user having to type 

a messy, unformated expression like x^2 - 6/x + sqrt(3), it will look similar to how someone were to 

write it on paper like: . This is because unformatted expressions can be confusing, 

which increases the complexity of the program for the user. Additionally,  I will use a similar 

graphing method to Geogebra as the simple design used can visualise expressions onto a graph 

really well, which again, reduces the complexity of the program for the user. The graph will only 
be read only for the students, meaning they will be unable to change it. This is because they will 

be shown the graph and they will have to work out the expression using it and use the 

expression to work out the derivative. 

Symbolab is an advanced mathematical education tool. It allows users to learn, practice and 

discover math topics using mathematical symbols and scientific notations as well as text. 

Symbolab provides automated step by step solutions to algebraic, trigonometric and calculus 

topics covering from middle school through college. Symbolab offers a wealth of smart 

calculators including: equations, simultaneous equations, inequalities, integrals, derivatives, 

limits , tangent line, trigonometric equations, functions and more. The stated goal of the site is to 
make scientific content universally accessible by expanding the searchable data space onto 

scientific notations, expressions, equations  

 

and formulas. This is done by applying proprietary machine learning algorithms in order to 

understand the meaning and context of the queries. Symbolab, making math simpler. 

https://www.symbolab.com/
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As you can see from the screenshot above, the interface to enter expressions and visualise 

graphs on Symbolab is very similar to the interface used by Geogebra. This is most likely due to 

the fact that the interface is very user friendly, meaning more people use the tool. This is the 

main reason why I would like to use a similar graphing interface to Geogebra when I go to make 

my project. However, geogebra provides a toggle for their symbols so if users are not using 
these symbols, they can hide the onscreen keyboard and just type their equation in using the 

keyboard, saving space on the screen. Another thing that takes up space here is the download 

buttons for the App Store and Google Play Store. Geogebra also has these apps but doesn’t 

include them here, instead has them on the main menu on the main page, which is good as this 

is most likely where people will go to find the mobile app link (after the app/play store). This is 

in contrast to Symbolab which doesn’t have a button to see links for the mobile app on the main 
webpage. 

Another tool I would like to use from Symbolab is their Integral and Derivative calculator, 

where expressions can be differentiated or integrated immediately as this will be the main 
function of the program. 
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Symbolab’s step by step calculator is very useful as it allows users to see exactly how to arrive at 

the solution. Students can use this to find derivatives, integrals or factors of expressions. This is 

useful as teachers can type an equation into the program and the class can see how it’s solved, 
saving time as teachers don’t need to do it themselves. In my project, students will only be able 

to find derivatives as they can use their scientific calculators to work out factors. Using my 

program, students will be able to type the answer they believe to be correct and if it’s correct, 
they continue but if it’s incorrect, they are shown the steps which must be used to reach the 

solution. This is because I was recommended to do it this way by Angela during the interview. 

However, one thing I’ll change when the user has to input their answers would be adding an 
onscreen keyboard. This way, students can use surds and fractions (without using the ‘/’ button 

since they may not realise it can also be used to make a fraction). Additionally, if a teacher wants 

to use the program on an interactive whiteboard, where they don’t have the keyboard next to 
them, they can use their interactive pen to press buttons directly from the whiteboard without 

having to go back to their computer. This will be useful as Angela usually teaches standing up, in 

front of the interactive whiteboard. 

 

Essential features 

There will be many essential features that my program must include. These are the most 
general parts of the program that the program must have. Without them, the program 

practically has no purpose. 

Firstly, my program must allow the user to easily input an equation and output the graph for 
that equation in an easy-to-read format. This is the most important feature my program must 

include as the general use of the program is to allow users to visualise graphs. To allow users to 
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visualise graphs easily, they will have a choice for the color of the graph and the background will 

be white. I will ensure that there are no colors - in the color option - that are unsuitable with a 
white background so that the graph is easy-to-read for people with colorblindness. Additionally, 

the scaling must be variable as some graphs don’t cross an axis until a very large number for the 

x or y value.  

Additionally, the program must also correctly work out the derivative of that equation and 

display them in a correctly formatted manner so that the user can easily read it. If the program 

calculates an incorrect value, this will lead to confusion for the user and may corrupt their 
knowledge of how differentiation works. If the program cannot display the answer in a correct 

format, the user may have trouble reading it or think that the unformatted version of the 

answer is the correct way to write it, which may lead to confusion. The program also needs to 
display the correct steps used to reach the answer if the student gets the answer incorrect. Each 

step needs to be formatted correctly as well so the student is easily able to see where they went 

wrong when doing it themself. 

Furthermore, the program must provide a score for the user, which depends on how many 

questions they are able to get correct. This is so that they are aware of their ability and can get 

an idea of how well they would do in an exam. The score should help students who are at first 

struggling, see the rate at which they are improving, motivating them to do more. The score will 

increase when the students get a question right but it will not decrease when a question is 

answered incorrectly. 

Finally, the questions need to be randomised so students can’t share their answers which would 

be cheating. To do this, I will need to use an algorithm that can randomly generate numbers for 

both the coefficients of x and for the powers and I will make sure that both of these can be 
generated as fractions so the questions are complex for the user, just like in the exam. 

Additionally, I will need to ensure that there are fewer than 10 terms as differentiating an 

equation with too many terms would not be testing their skill as they would be repeating the 
same method a large amount of times. Also, each equation must be unique so the user doesn’t 

memorise the answer to specific equations while not understanding the method. 

Limitations 

When I make the program, it will definitely have some limitations that I will not include for 

multiple reasons. I understand that these limitations may be beneficial to the program, however 

I think that the advantages of not including them outweighs the advantages of including them. 

Some of these limitations may also take a great deal of time to add and in comparison to the 

features that I’m already planning on including, they may not be worth the time it would take to 

add them. By doing this, I am ensuring that the program can be of maximum value in the time 

given. Limitations include: 

- Will only work on newer versions of Windows and it will not be compatible with any 

other operating system 
- The program is completely offline 

- Complex expressions will not be asked 

- The program will not track the user’s progress 

Firstly, the program can only be run on newer versions of Windows - Windows Vista, Windows 

7, Windows 8, Windows 8.1, and Windows 10. This is due to the fact that I’m using Visual Basic 

to code the program, which uses a compiler only compatible with newer Windows operating 

systems. I am using Visual Basic, despite the fact that it only works on a few operating systems, 

due to the fact that the computers at college all use Windows 10. I know some people bring 
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Macbooks to college but they are able to use the college computers in the library at any time. 

Additionally, Angela also uses a college computer so if she would like to use the program during 
a lesson, she would have no problems about this. I understand that people with Macs at home 

may want to use the program and I do think it would be beneficial for them to be able to 

download the program at home. However Visual Basic doesn’t allow for this unfortunately and 
compared to other programming languages, it can be used to make forms really well as the 

interface is very user-friendly which is why I’m sticking to it. Furthermore, students will not be 

able to download the program on their mobile phones. My program will most likely use a decent 
amount of storage (about 5GB) and mobile phones have very limited storage capacities in 

comparison to desktop computers. If I were to make it for phones, I would most likely need to 

have a large amount of compression to get the file size down to below 1GB. In addition, mobile 
phone’s generally have less memory and the mobile CPUs consume a lot less power, leading to a 

slower clock speed. Also, just like with Macs, Visual Basic isn’t suitable for mobile phones and I 

would most likely need to use a different language such as C# or Swift. 

Secondly, my program will be completely offline. This will have quite a large effect. Angela will 

have no access to see how her students are progressing through the differentiation quizzes. 

Though it would be beneficial if she could have access to this information, the program is not 
intended to be used for setting homework but rather as a revision tool for students to test their 

ability to differentiate expressions. Students will not be able to save graphs onto their different 

accounts. The graphing feature will always be cleared every time it is used. This could allow 
students (or Angela) to save some time if they are constantly looking at the same graph. 

However, the user will most likely forget about the graph they were looking at last time and 

want to graph a new expression. If the graph was not cleared, it is very likely that the user 
would manually clear it themself anyway, which would mean that time is wasted for the user 

too. Moreover, this will mean that I do not need to use a server (which would most likely be 

costly) to store how the graph looked just before the program was closed or how saved graphs 
looked. If I were to use expensive servers to store data, I would also need to constantly keep an 

eye on the server’s status as some server providing companies may provide unreliable servers. 

Maintenance may also be required; for example, if too many people are saving graphs and too 
much of the server’s storage is being used, I may be required to increase the capacity. 

A third feature that will not be present in my program is the ability to differentiate complex 

expressions. This will mean that in the differentiating quiz part of the program, the user will 
never be asked to differentiate complex expressions which require the use of the product or 

quotient rule. This would be a very beneficial feature to have as these are often the types of 

questions students are asked in the exams. However, my program will only be testing the user’s 
ability to apply the fundamental differential rules onto the expressions, not test the user on 

difficult exam questions. Of course, there will be a moderate amount of difficulty with the 

questions as some powers of x will be negatives and fractions. If I were to include complex 
equations that require the product rule, chain rule or quotient rule, the program would take up 

more storage (to store the method for each rule) and would take a longer amount of time to 

differentiate them. Some newer systems may be unaffected because if the user has a CPU with a 
very fast clock speed, it may still only take a few milliseconds. However, this will certainly be 

more resource intensive and some lower end systems may take too long to apply these complex 

rules to the expressions. To exclude the input of complex expressions in the graph drawer, the 
user will be unable to press the ‘/’ key, so that they can’t have a denominator with x, as well as a 

numerator with x. This will also mean that the user is unable to type in reciprocals. However, 

usually in an exam, students are asked about polynomial, trigonometric and exponential graphs, 

not reciprocal graphs. 
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A fourth limitation of my program is its inability to track the user’s progress. This is mostly due 

to the fact that the program is completely offline however I am aware that it is possible to do 
this offline too. However, this would allow for a statistical report on how the student does on 

average on the differentials, though the user can counter this by taking screenshots of their 

scores (or writing them down) and seeing the rate at which they are improving this way. The 
statistical report would also include which type of expressions they are weaker on (eg. 

trigonometric, exponential, etc.). 

 

 

 

Functional specification 

1. My program will need to correctly randomize equations using the quizzes. This is so 

students can’t get the same (or similar) equations which would allow them to help each 

other, which could be cheating. If students have to do different questions and can’t work 
together, their individual skills will be tested just like in the exam. This will mean that I 

need to make an algorithm that can randomly generate equations. For example, the 

indices and coefficients will always be randomised by an algorithm that I will write. So, 
for the equation, ax^n + bx^m + c: the values for a,n,b,m and c will be a random number 

(could be negative or a fraction) from 0 to 9. 

2. My program will need to store the algorithm needed to differentiate equations. I will 
write this algorithm to work out the correct answer to an equation in milliseconds, 

compared to a teacher who may take a few questions to mark the quiz by hand. It is 

important that the program can differentiate each term correctly, no matter how 
complex the question is so the student receives a correct output after they input their 

answer. 

3. My program will need to ensure that the number of x-terms in each equation isn’t too 
large. This will mean that the students aren’t using the same method multiple times 

which would be redundant as stamina would be tested, rather than the user’s ability to 

differentiate. I’ll set the maximum amount of x-terms to 4 and the minimum to 1 (so 
each question requires at least one term to be differentiated). 

4. My program will need to calculate the score of the user out of 10. This is so that the 

student can see how well they do with multiple questions and will allow them to see the 

rate at which they improve. This is an important part of the program because the main 

purpose is for students to improve their differentiating skills and if they are improving 

their score every time, the program will be successful.  

5. My program will need to correctly output graphs for the expression that has been 

inputted by the user. I will also have graphs on the same axis of the differentials of the 

input equations. This will allow Angela to explain the changes in gradient of the original 

equation. I may calculate a second derivative so show how this relates to the original 

equation in the first derivative. If incorrect graphs are outputted, the user would be 

confused and may think it to be correct, which would mean the user’s understanding of 
how the graph is formed is damaged. This will mean that a lot of testing is required to 

see which kind of graphs work and which don’t as different graphs can have very 

different properties. 

6. My program will need to allow for formatted inputs from the user. This will mean that 

difficult-to-read expressions, such as ‘x^-3 + sqrt(x)/2’, will be much easier to read, 

since it’s hard to see the order here, though it would be harder without brackets. An 
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unformatted expression would definitely lead to some confusion as some symbols used 

on a computer are very different to their mathematical counterparts. 
7. My program will need to ensure that the correct methods for differentiation are 

successfully outputted to the user if they get a question incorrect. Without the method 

being present, the student will not have the correct answer to look at to try to 
understand. However, if the student has access to the correct method, they can 

understand where they went wrong and what to do next time, which will improve their 

ability to differentiate, making the program a success. 
8. My program will need to compare the user’s answer with the correct answer worked out 

by the algorithm. A boolean comparison must be made in order to do this as a true or 

false value determines if the student answered the question correctly. 
9. My program will need to include an onscreen keyboard that has specific symbols like 

square root and fractions. This is because many mathematical expressions require these 

symbols and testing their differentiating skills without these doesn’t test to see if they 
understand how complex expressions must be simplified into indices form first, then 

differentiated. 

10. My program will need to correctly transition between questions, so it should remove the 
previous question and display the new one. Most of the features should stay on the page, 

however, such as background, check button, unsure button, etc. Rather than removing 

the question and making a new one, I can just change the text of each so that the 
program runs more efficiently. 

11. My program will need to include a zoom in/out feature for the graph. This is because 

some graphs don’t cross the axis or reach a maximum/minimum point until a very large 
(or very small) x or y value. With a zoom feature, the student can easily zoom to the part 

of the graph required. This will save a lot of time spent scrolling across the graph to 

reach the part of the graph where something interesting happens.  
12. My program will need to suitably scale the axis so the graph is readable to the user 

(when the zoom feature is used). This is so very small scales aren’t used when the graph 

is stretched out very far. If small scales (eg. scales that went up in 1s) were used and the 
left side of the screen was -5000 and the right side is 5000, there will be too many 

numbers below the x-axis, making it difficult to read. 

13. My program will need to include a button that allows a student to look at the general 
equation used to differentiate each x-term if they are stuck. The formula is an(x)n-1. This 

will mean that the student can’t look at any of the values of the final answer but instead 

the method that is used to achieve it. 
14. My program will need to make sure that the student must only receive 10 questions to 

do. If the student has too many questions, they could get bored and stop but if they have 

too little, their skill may not be fully tested, which could mean the program fails to 
improve the user’s ability to differentiate. 

15. My program will limit the input equations to be differentiated. Any equations which 

require the chain or quotient rule will not be processed. The user will be given an error 

message saying that this software does not consider very advanced differentiation. I will 

analyse the input to see if it requires the chain or the quotient rules. For example the 

equation needs the chain rule. How this will be identified in an algorithm 

needs to be considered. 
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Hardware and software requirements 

The user’s PC must meet several software requirements to be able to run the program. Firstly, 
the computer must be able to run Windows and to do that the minimum requirements to run 

Windows are: 

● 1GHz clock speed 
● 1GB of memory for 32-bit or 2GB of memory for 64-bit 

● 16GB of secondary storage for 32-bit or 20GB of storage for 64-bit 

The user’s PC must also have the VB.NET framework installed to create an executable file in 

Visual Studio. The framework will convert the intermediate code that was created in Visual 

Studio into machine code, which the computer can understand. The user can be given a set up 

file which allows it to be run on their computer or the application can be created by Visual 
Studio so it can be downloaded by the user. 

 

My program will also have its own minimum requirements that the user must meet in order to 
use it: 

● 2.2 GHz clock speed 

● 2GB of RAM 
● 5GB of available space in the PC’s secondary storage 

● DirectX 9 graphics device 

 

Success criteria 

While making the program, I must keep track of what my objectives are therefore establishing a 

success criteria is essential before beginning the development. The success criteria will provide 

objectives, which I should be aiming for during the development phase. 

1. I will need to ensure that the program is error free. If the program has errors, user 

satisfaction will definitely decrease as errors can be very frustrating to deal with as a 

customer. Unless the program doesn’t meet the user requirements, if the program has 

no errors, the user should have no issues with it. Additionally, having errors in the 

program would mean that the developer would be given a negative reputation and could 

be seen as an unreliable developer if tasked with creating another program. To ensure 

that there are no errors in the program, I must thoroughly test the program to ensure 

that there are no bugs in the code. I can use test logs to ensure that the maximum 
amount of errors left in the code is 5% of all the failed tests so the chances of the user 

making an error is minimised. 

2. The menus must be user friendly so the user is easily able to identify what each button is 

used for. This will reduce the complexity of the program as the confusion will be 

minimised. While the user may be confused at some of the contents the program 

outputs, it is essential that the program has a suitable design so that they are not 
confused at the program itself. Additionally, if the program is difficult to use, the user 

may make errors when typing expressions in. This wouldn’t be an error of the code but 

the developer of the program would still be responsible for creating a difficult-to-use 

interface. If the interface is complex and the user finds the program difficult to use, the 

student may decide to use a different program that they find is easier to use, or may 

decide to not do any revision at that moment in time. I will use a questionnaire to ask 
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Angela her opinion on how user friendly the program was and depending on the 

feedback given, I will make amendments to the program. 
3. I must stick to one specific color scheme so that the program looks professional. If 

different color schemes were to be used, the program may look messy to the user. 

Although this wouldn’t make the program difficult to use, if the color scheme is 
constantly changing, the user may be distracted and focusing their attention on the 

changing color scheme, rather than the actual purpose of the program. Furthermore, I 

will need to make sure that the color scheme is suitable for people with colorblindness 
so there can’t be any color combinations (like red and green) that aren’t suitable. If the 

program had a color scheme which was unsuitable for being with colorblindness, they 

may not be able to use the program or may be reluctant to use it. This is also something 
Angela pointed out during the interview. To get Angela’s opinion on the color scheme, I 

will use a questionnaire and make any adjustments using the feedback I get. 

4. The program must meet the user requirements. Since the program is split up into two 
parts: the graph drawer and the differentiation quiz, both parts must be designed with 

their requirements in mind. Failing to do this would result in dissatisfaction for the user 

as it most likely won’t be efficient for its intended purpose. To make sure that it meets 
user requirements, I will use a questionnaire to ask Angela if she was satisfied with it. 

Then I will make any adjustments needed to the final program using the feedback I get. 

 

User questionnaire 

 

Statement Strongly agree Agree Disagree Strongly 
disagree 

I am satisfied 
with the overall 
product 

    

I would 
frequently use 
the program 
while teaching 

    

I found the 
menus easy to 
use 

    

There are no 
issues with the 
color scheme 

    

My students will 
benefit from the 
application. 

    

I think that the 
differentiation 
questions are of 
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the right 
difficulty 

The program 
improves upon 
similar software. 

    

Have you found anything that the program is missing or anything the program could use to 

improve it? 

 

I will use a scoring system where ‘Strongly agree’ is worth 2 points, ‘agree’ is worth 1, ‘disagree’ 

is worth 0 and ‘strongly disagree’ is worth -1. 
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The top down diagram above shows the structure of the application and where certain parts 

will be implemented. The structure consists of a backend database that I will create using 
Microsoft Access and a front-end form that I will create using Visual Basic. The backend 

database will contain tables which contain details such as the details of each student, average 

score of each student, etc. These tables will be linked to each other using Access so that the 
student’s details (name, username, etc.) are synchronised with the student’s scores. I will also 

need to implement Validation rules in Access so that any data that is entered passes the 

requirements (e.g. password must be less than 30 characters), this will ensure that no invalid 
data can be entered by the user.  In the front end, the questions asked will be randomised by an 

algorithm that I will develop. The algorithm will generate a random polynomial by choosing 

coefficients and exponents (which can be in the range 0-9). The interface of the differentiation 
quiz will have communication with the backend database; after answering a question, the 

output (correct or incorrect) will be stored into the database). I will also use Visual Basic to 

perform calculations such as the user’s total score, average score (which they can see alongside 
their high score when looking at their stats). The graph drawer will have no relationship to the 

database as its only purpose is to illustrate an expression as a graph, so no data needs to be 

saved. Visual Basic has a built-in feature that generates graphs that I will use to create the 
graphs of the expression entered by the user. The graph will have an x axis and a y axis, just like 

they do in mathematics. The frontend will contain a login system and the user’s username and 

password will be stored in the backend, which they will need to type (in textboxes) in order to 
use the program. Additionally, students will be able to register and make their own accounts, 

rather than teachers making their accounts since this will save time for the teacher. I will also 

write code so that student will have the ability to change their password whenever they choose. 

Overall, it was important that I broke the diagram down in this way since it shows what the 

frontend and the backend will do in a visual format. The structure of the diagram also shows 

clearly which features will be implements and where (some in the frontend and some in the 
backend). An advantage of breaking the whole problem down into smaller modules because it 

will allow me to develop the program in parts, rather than trying to develop it all at once. It will 

also allow me to keep track of the modules which have already been completed (each sub 
problem can be tested to see if it has been completed during the development phase). I also 

think that using this top down diagram is a much better way of breaking a solution in 

comparison to bottom up. This is because a bottom up structure begins with the individual 
aspects of a planned application and tries to make links between them without taking into 

consideration where each part of the program should be (frontend of backend). I have chosen to 

use Visual Basic and Microsoft Access for multiple reasons which I think would make a better 
application than application created by only using one of them. An advantage of Visual Basic is 

that it provides a very user-friendly form editor in comparison to Microsoft Access. In Visual 

Basic, there are built-in tools which will allow me to create multiple forms, graphs, etc. which 
can then all contain code so that they behave differently. Visual Basic allows the user to create 

their program exactly how they want since a programming language is less abstract, meaning it 

is more customisable in terms of what the user wants to create. An advantage of Microsoft 
Access is that less programming is required when designing a database because the tables are 

automatically implemented by Access, saving overall development time, in comparison to 

adding the tables in Visual Basic. Additionally, a programmer can have less knowledge of Visual 
Basic and doesn’t need to know the code behind creating tables since this as automated by 

Microsoft Access. Since this is more abstract than coding your own database, the user has less 

customisation and it may be more difficult for some users to create a table that suits their 

specific purpose (though Access has all the features it needs to create the database that my 

program requires). However, the database still needs to be connected by linking the Visual Basic 
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frontend to the file format which Access files are stored as. This is an additional advantage of 

linking Visual Basic together with Microsoft Access because other program languages may have 
more difficulty in connecting with Access if they are not designed to be compatible with it. I will 

develop the frontend of the application first so that the interfaces and code are developed the 

user login system is created. 

 

Entity relationship diagram 

This diagram shows that each student is identified by their ID, has one set of login details, which 

is also identified by the student ID. One set of login details applies to just one student. 

 

 

 

 

 

 

Student ID will only be auto incremented in the user table. The student will need to use their 

User ID linked with their name into the login table. If the user does not already have an account, 
they can easily create one using a register feature that I will create during the development 

phase.  

 

Data dictionaries 

User table 

Field Data Type Field 
length 
(digits) 

Primary 
Key 

Validation Typical 
Entry 

Explanation 
of validation 

Comment 

User ID Autonumber  Y Each value 
is unique 
(no 
duplicated 
values) 

004 Each user 
must have 
their own ID, 
which the 
system will 
link to access 
their details. 
Microsoft 
Access does 
this 
automatically 
if the data 
type is 
defined as an 
auto-
number. 

The same 
users ID 
cannot be 
present on 
more than 
one record 
since Access 
is adding the 
numbers 
automatically. 

Forename Short Text 20 N <= 20 
characters 

 Forename 
must not be 

The system 
should not 

User table 

User ID 

Forename 

Surname 

Average score 

High score 

Login table 

User ID 

Username 

Password 
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AND 
> 1 
characters 

longer 20 
characters. If 
a user has a 
name with 
more than 10 
letters, they 
can just type 
the first 20 
letters and 
since the 
name doesn’t 
get 
processed 
(unlike the 
User ID), this 
will not 
affect their 
experience of 
the program. 
Names are 
usually less 
than 20 
letters long 
and names 
that are 
longer than 
20 characters 
can take long 
to process. 
Names of one 
character are 
very unlikely 
and are most 
likely a typo. 

reserve space 
unnecessarily. 
Unless, the 
length is 
manually 
restricted by 
the developer, 
Access will, 
by default, 
reserve a 
space of 255 
characters, 
which is more 
than 10x the 
length of the 
average 
name. 

Surname Short Text 20 N <= 20 
characters 
AND 
> 1 
characters 

Smith Same 
explanation 
as used for 
Forename. 

Same 
comment as 
used for 
Forename. 

Average 
score 

Integer  N Must be 
between 0 
to 100. 

90 This will be 
presented a 
percentage 
(so the 
maximum 
score will be 
100). The 
average 
score will be 
an integer as 
there is no 
need to be 
precise to the 
point where 
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decimals 
need to be 
used. 

High 
score 

Integer  N Must be 
between 0 
to 100. 

60 Same 
explanation 
as used for 
Average 
score. 

 

 

Login table 

Field Data 
Type 

Field 
length 
(digits) 

Primary 
Key 

Validation Typical 
Entry 

Explanation 
of validation 

Comment 

User ID Integer  Y Each value 
is unique 
(no 
duplicated 
values) 

004 Each user 
must have 
their own ID, 
which the 
system will 
link to access 
their details. 
Microsoft 
Access does 
this 
automatically 
if the data 
type is 
defined as an 
auto-
number. 

The same 
users ID 
cannot be 
present on 
more than 
one record 
since Access 
is adding the 
numbers 
automatically. 

Username Short 
Text 

16 N No 
duplicated 
usernames. 
>=3 digits 

Blazerage32 Username 
must be at 
least 3 digits 
as there is a 
very limited 
combination 
of usernames 
that are less 
than 2 or 1 
digits and 
these 
usernames 
will not be 
very 
practical. 
Usernames 
should not be 
more than 16 
characters 
long since 
that may 
prevent 
users from 

Used to login 
into the 
system by the 
user.  
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remembering 
their 
username 
since long 
names can be 
difficult to 
remember. 
Most users 
do not wish 
to create a 
username 
greater than 
16 digits 
anyway so 
this should 
not be an 
issue. 

Password Short 
Text 

30 N Must 
contain 
one 
lowercase 
letter, one 
uppercase 
letter and 
one 
number. 
Must be at 
least 8 
characters 
long. 

Password123 Validation 
rules ensure 
that the 
user’s 
password is 
secure so 
that it is 
difficult to 
guess, 
meaning 
hackers have 
a harder time 
tying to hack 
into their 
account.  

Used by the 
user to login 
into the 
system. 

Usability features 

 

Menu structure 

 

 

 

 

 

 

 

 

 

 

Login screen 

• Username 

• Password 

• Login button 

• Register button 

• Error message 

• Help button 

• Exit button 

Main menu screen 

• Differentiation Quiz 
button 

• Graph Drawer 
button 

• Reports button 
• Logout button 
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Sampling screens 

Login screen 

 

Usability features on login screen 

Title (‘login’): displays the purpose of the screen. This label is essential so that the user knows 

exactly which screen they are viewing (since there are multiple different forms they will see). 

Differentiation quiz screen 

• Question number 
• Expression label 
• Answer box 
• Submit button 
• Hint button 
• Next question button 
• Finish button (last 

question only) 
• Total (only after quiz is 

finished) 
• New average score 
• Whether or not the high 

score has increased 
• Exit to main menu button 

Graph drawer screen 

• Textbox (for the user to 
type an expression in) 

• Plot graph button 
• Graph of entered 

expression (only shown 
once user presses plot 
button) 

• Graph of differential of 
entered expression (only 
shown once user presses 
plot button) 

• Exit to main menu button 

Reports 

• Graph of all scores 
• Exit to main menu 

button 
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The login label is much larger than the username and password labels to indicate that it’s a title 

whereas the username and password labels are just there to indicate the function of each 
textbox. 

Labels above the username and password to identify what the text in each textbox is used for. 

Navigation buttons (‘submit’, ‘forgot password?’ and ‘register’): Buttons are user friendly as 
they only have one input method (click), so no invalid inputs can be entered. 

Colour coding for every feature: Title text in green, username and password text in black, all 

buttons filled in green with white text. 

Help button (‘?’): sends user to page with instructions on how to login. The help button is in the 

same location in every form, which makes it easier to memorise its position, so they don’t to 

look for it. 

 

 

Title (‘Maths revision program’): displays the purpose of the screen. This label is essential so 

that the user knows exactly which screen they are viewing (since there are multiple different 
forms they will see). 

Navigation buttons (‘Differentiation Quiz’ and ‘Graph Drawer’): Buttons are user friendly as they 

only have one input method (click), so no invalid inputs can be entered. 
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Help button (‘?’): sends user to page with instructions on how to use the main menu if they are 

having trouble. The help button is in the same location in every form, which makes it easier to 
memorise its position, so they don’t to look for it. 

 

 

 

Title (‘Differentiation Quiz’): displays the purpose of the screen. This label is essential so that 

the user knows exactly which screen they are viewing (since there are multiple different forms 

they will see). 

Question number label (‘2’): displays the current question number. Incremented every time the 

user moves onto to the next question. 

Expression label (‘3x^2 + 9x^8 + 7’): displays the expression needed to be differentiated for the 
current expression. The expression is randomised. 

Navigation buttons (‘Submit’): Buttons are user friendly as they only have one input method 

(click), so no invalid inputs can be entered. This button runs the algorithm to check if the user 
answered the question correctly. 

Hint button (‘Hint’): Displays the general rule needed to differentiate a polynomial. 

Help button (‘?’): sends user to page with instructions on how to use the interface of the 
differentiation quiz (it doesn’t help with differentiating), if they are having trouble. The help 
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button is in the same location in every form, which makes it easier to memorise its position, so 

they don’t need to search for it. 

 

 

Title (‘Graph Drawer’): displays the purpose of the screen. This label is essential so that the user 

knows exactly which screen they are viewing (since there are multiple different forms they will 
see). 

Navigation buttons (‘Submit’): Buttons are user friendly as they only have one input method 

(click), so no invalid inputs can be entered. This button runs the algorithm to check if the user 
answered the question correctly. 

Chart: Graph is a decent size as it takes up roughly half of the screen. The red line shows the 

graph of f(x) and the blue line shows the graph of f’(x). 

Help button (‘?’): sends user to page with instructions on how to use the interface of the graph 

drawer, if they are having trouble. The help button is in the same location in every form, which 

makes it easier to memorise its position, so they don’t need to look for it. 
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Test strategies 

I will use black box testing while creating my program during the development phase. Black box 
testing is a form of testing where the software is tested without the testers being aware of the 

internal structure of the software (without the code being in front of them) and can be carried 

out both within the company and by end-users, though they will have knowledge of the 
purposes of the system. The test plan traces through inputs and outputs within the software. 

Black box testing involves multiple techniques such as testing extreme values for a specific field 

or input (an extreme value is a value that is on the boundary of being invalid but is still valid).  

An advantage of using black box testing is that the tester does not need to have knowledge of 

the actual code of the program. This saves a large amount of time as it would take time for the 

tester to learn the purpose of each line and what effect each line has on the overall program. 
This will also help with meeting specific deadlines. Black box testing tests every type of value 

that can be inputted by the user (e.g. typical, extreme and invalid), though it doesn’t test every 

value since there is an infinite number of values that can be entered.  

The main purpose of testing is to find incorrect or missing functions, menu layout errors, data 

structure errors, performance issues, initialisation and termination errors. 

Test data for development 

User table 

 

Test 
number 

Input 
Data 

Input 
Field 

Test 
Type 

Comment Expected 
Outcome 

Actual 
Outcome 

1 004 Student ID Typical   Data 
accepted 

 

2 001 Student ID Extreme 001 is the lowest 
value that the ID 
can be. 

Data 
accepted 

 

3 00A Student ID Invalid Values must be 
numerical. 

Data 
rejected 

 

4 Timothy Forename Typical   Data 
accepted 

 

5 Mo Forename Extreme 2 letters in a 
forename would be 
on the boundary so 
is allowed. 

Data 
accepted 
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6 A Forename Invalid 1 letter in a 
forename would be 
too little. 

Data 
Rejected 

 

7 Smith Surname Typical   Data 
accepted 

 

8 Er Surname Extreme 2 letters in a 
surname would be 
on the boundary so 
is allowed. 

Data 
accepted 

 

9 F Surname Invalid 1 letter in a 
surname would be 
too little. 

Data 
Rejected 

 

10 41 Average 
Score 

Typical   Data 
accepted 

 

11 0 Average 
Score 

Extreme On the boundary, 0 
is the lowest a 
percentage can be. 

Data 
accepted 

 

12 -10 Average 
Score 

Invalid On the boundary, 
100 is the highest a 
percentage can be. 

Data 
Rejected 

 

13 70 High Score Typical   Data 
accepted 

 

14 100 High Score Extreme On the boundary, 0 
is the lowest a 
percentage can be. 

Data 
accepted 

  

15 110 High Score Invalid On the boundary, 
100 is the highest a 
percentage can be. 

Data 
Rejected 

  

 

Login table 

Test 
number 

Input Data Input Field Test 
Type 

Comment Expected 
Outcome 

Actual 
Outcome 

16 004 Student ID Typical  Data 
accepted 
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17 BS.81520 Username Typical    
18 BS Username Extreme    
19 Callmecarsons 

long_lost_dog 
Username Invalid    

20 H87/f1(hn*4 Password Typical    
21 Passw0rd Password Extreme 8 characters 

long, has 1 
uppercase 
letter and 1 
number so 
just valid. 

  

22 Hi1 Password Invalid Less than 8 
characters 
long so 
invalid 

  

23 password Password Invalid Although this 
doesn’t 
contain any 
uppercase 
letters or 
numbers, 
Access will 
allow this. I 
will need to 
use Visual 
Basic to 
ensure that 
the user uses 
at least one 
lowercase 
letter, one 
uppercase 
letter and one 
number in 
their 
password as 
this would be 
very difficult 
to implement 
using the 
validation 
rules 
provided by 
Access. 

Data 
accepted 

 

 

Test log for differentiation quiz. 
 

Test 
no 

Object 
Tested 

Input 
Data 

Test 
type 

Expected outcome Actual Outcome Comment 
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24 Question 
number 
label 

N/A Typical Question number 
label is displayed. 

Question number 
label is displayed. 

 

25 Expression 
label 

N/A Typical Expression label is 
displayed. 

Expression label is 
displayed. 

 

26 Hint Button Click Typical Message box with 
the hint appears. 

Message box with 
the hint appeared. 

 

27 Student’s 
answer box 

Type Typical N/A N/A  

28 Submit 
Button 

Click Typical Program informs 
the user if they got 
the answer correct 
and displays the 
next button. 
Doesn’t allow the 
user to change their 
answer. 

Program informed 
the user if they got 
the answer correct 
and displayed the 
next button. Didn’t 
allow the user to 
change their 
answer. 

 

29 Next 
Button 

Click Typical Question number is 
incremented, a new 
expression is 
generated, next 
button is hidden, 
the answer box will 
no longer be read-
only. 

Question number 
incremented, new 
expression 
generated, next 
button hidden, 
answer box no 
longer be read-only. 

 

30 Expression 
Label 

N/A Typical User’s score will be 
output to them 
once they have 
completed the quiz 

User’s score was 
output to them 
once they have 
completed the quiz 

 

 

Test log for graph drawer 

 

Test no Input Data Test type Expected 
outcome 

Actual Outcome 

31 4+8 Typical 12  

32 741-895 Typical -154  

33 72*19 Typical 1368  

34 5^3 Typical 125  

35 4*9+3*2 Typical 42  
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36 414*8-41*82 Typical -50  

37 4*2^5-3*4^3 Typical -64  

38 3+10+7 Typical 20  

39 3+10-7 Typical 6  

40 3*7+9*4+7*2 Typical 71  

41 3*7+9*4-7*2 Typical 43  

42 3*7-9*4-7*2 Typical -29  

43 3*7-9*4+7*2 Typical -1  

44 3*7-9*4+7*2^2 Typical 13  

45 3*7-9*4+7*2^2 
+5*2^4 

Typical 93  

46 3*7-9*-4+7*2^2 
+5*2^4 

Typical 165  

47 3*7-9*-4+7*2^2 
+5*2^4 

Typical 165  

48 3*7-9*-
4^2+7*2^2+5*2^4 

Typical 273  

49 3*7-9*-
4^3+7*2^2+5*2^4 

Typical 705  

50 3*7-9*-
4^6+7*2^2+5*2^4 

Typical 36993  

51 Empty string Invalid Message to 
user letting 
them know 
that they 
have to 
enter an 
expression 

 

52 “      5*5” with the 
spaces 

Typical 25  

53 *5 Invalid   

54 5* Invalid   

55 3- Invalid Message box 
with text 
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"Invalid 
syntax: Last 
letter cannot 
be an 
operator.”. 

56 4+ Invalid Message box 
with text 
"Invalid 
syntax: Last 
letter cannot 
be an 
operator.”. 

 

57 ^8 + 10 Invalid Message box 
with text 
"Invalid 
syntax: First 
letter cannot 
be an 
operator.". 

 

58 +3^2 Invalid Message box 
with text 
"Invalid 
syntax: First 
letter cannot 
be an 
operator.". 

 

59 -8^5 Typical -32768  

60 -4*5 - 5*3^5 + 
4*12 

Typical -1187  

61 3^-2 Invalid 0.11111111
111111111 

 

62 2*4^-1 Invalid 0.5  

63 -x Valid -10:10 -9:9 -
8:8 -7:7 -6:6 
-5:5 -4:4 -
3:3 -2:2 -1:1 
0:0 1:-1 2:-2 
3:-3 4:-4 5:-
5 6:-6 7:-7 
8:-8 9:-
9   10:-1 0 

 

64 x+19 Valid -10:9 -9:10 -
8:11 -7:12 -
6:13 -5:14 -
4:15 -3:16 -
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2:17 -1:18 
0:19 1:20 
2:21 3:22 
4:23 5:24 
6:25 7:26 
8:27 
9:28  10:29 

65 2x Valid -10:-20 -9:-
18 -8:-16 -
7:-14 -6:-12 
-5:-10 -4:-8 -
3:-6 -2:-4 -
1:-2 0:0 1:2 
2:4 3:6 4:8 
5:6 6:12 
7:14 8:16 
9:18  10:20 

 

66 3x+5 Valid -10:-25.....-
9:-22.....-8:-
19.....-7:-
16.....-6:-
13.....-5:-
10.....-4:-7.....-
3:-4.....-2:-
1.....-
1:2.....0:5.....1
:8.....2:11.....3
:14.....4:17.....
5:20.....6:23...
..7:26.....8:29.
....9:32.....10:
35…... 

 

67 3x^2 Valid -10:300.....-
9:243.....-
8:192.....-
7:147.....-
6:108.....-
5:75.....-
4:48.....-
3:27.....-
2:12.....-
1:3.....0:0.....1
:3.....2:12.....3
:27.....4:48.....
5:75.....6:108
.....7:147.....8:
192.....9:243.
....10:300..... 
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68 -3x^3+4x^2-9x+1 Valid -10:3491.....-
9:2593.....-
8:1865.....-
7:1289.....-
6:847.....-
5:521.....-
4:293.....-
3:145.....-
2:59.....-
1:17.....0:1.....
1:-7.....2:-
25.....3:-
71.....4:-
163.....5:-
319.....6:-
557.....7:-
895.....8:-
1351.....9:-
1943.....10:-
2689..... 

 

69 5**x Invalid   

70 3++x^2  Message box 
with the text 
"Invalid 
syntax: Can't 
have 
multiple 
operator 
signs next to 
each other" 
is displayed. 

 

71 x^^3 ++ x  Message box 
with the text 
"Invalid 
syntax: Can't 
have 
multiple 
operator 
signs next to 
each other" 
is displayed. 

 

72 3+-x  Message box 
with the text 
"Invalid 
syntax: Can't 
have 
multiple 
operator 
signs next to 
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each other" 
is displayed. 

73 3-^x  Message box 
with the text 
"Invalid 
syntax: Can't 
have 
multiple 
operator 
signs next to 
each other" 
is displayed. 

 

74 3-*x  Message box 
with the text 
"Invalid 
syntax: Can't 
have 
multiple 
operator 
signs next to 
each other" 
is displayed. 

 

75 5--9  Message box 
with the text 
"Invalid 
syntax: Can't 
have 
multiple 
operator 
signs next to 
each other" 
is displayed. 

 

76 5x^3+3x^4-2x+1 Typical Draws 
appropriate 
graph 

 

77 -x+3 Typical Draws 
appropriate 
graph 

 

78 -3-4x^2-5 Typical Draws 
appropriate 
graph 

 

79 3x^3-9x^2+2 Typical Draws 
appropriate 
graph 

 

80 5x^-1 Invalid Message box 
that 
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displayed 
the text 
“"Invalid 
syntax: 
Cannot draw 
inverse 
graphs.". 

81 10x^10 Typical Draws 
appropriate 
graph 

 

82 15-10 Typical Draws 
appropriate 
graph 

 

83 x Typical 1x^0+0  

84 x^2+3 Typical 2x^1+0  

85 3x^4+4x^2-9x^3 Typical 12x^3+08x^
1+0-
27x^2+0 

 

86 -7-8x^2 Typical -16x^1+0  

87 3x^-4 Invalid -12x^-5+0  

88 5x^3+3x^4-2x+1 Typical Draws 
appropriate 
graphs 

 

89 -x+3 Typical Draws 
appropriate 
graphs 

 

90 -3-4x^2-5 Typical Draws 
appropriate 
graphs 

 

91 3x^3-9x^2+2 Typical Draws 
appropriate 
graphs 

 

 
Test log that tests objects in the graph drawer 
 

Test 
no 

Object Tested Input 
Data 

Test 
type 

Expected outcome Actual Outcome 

92 Expression label N/A Typical Expression label is 
displayed. 
(Text: “y =”) 
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93 Expression 
textbox 

String Typical N/A  

94 Plot button Click Typical Plots the graphs of 
the expression onto 
an axis. 

 

 
Test log to test expressions entered into the differentiation quiz 
 

Test no Input Data Test type Expected outcome Actual Outcome 

95 x++3 Invalid Message box displaying error  

96 abc Invalid Message box displaying error  

97 *x Invalid Message box displaying error  

98 x* Invalid Message box displaying error  

 
 
Test log to test the login screen 
 

Test 
no 

Input Data Test type Expected outcome  

99 Username: “eren”. 
Password: “u-
+>hg}LVbZ6'pg$” 

Valid Takes the user to the 
main menu. 

 

100 Username: “eran”. 
Password: “u-
+>hg}LVbZ6'pg$” 

Valid Outputs a message 
box saying the details 
are incorrect. 

 

101 Username: “eren”. 
Password: “u-
8+>hg}LVbZ6'pg$” 

Valid Outputs a message 
box saying the details 
are incorrect. 

 

101 Username: “eran”. 
Password: “u-
8+>hg}LVbZ6'pg$” 

Valid Outputs a message 
box saying the details 
are incorrect. 

 

 
Test log for main menu 
 

Test 
no 

Object Tested Input Data Test type Expected outcome Actual 
Outcome 
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103 Differentiation Quiz 
button 

Click Typical Open 
Differentiation Quiz 
form 

 

105 Graph Drawer 
button 

Click Typical Opens Graph 
Drawer form 

 

105 Revision program 
label 

N/A Typical Title label is 
displayed 

 

 
 

Algorithms 

Connecting the backend to the frontend 

The Connection Object 

The Connection Object is required to connect to connect to a database. There are multiple 

different connection objects, and the one a programmer uses depends largely on the type of 

database they are connecting to. Since I’m connecting to an Access database, I will need 

something called the OLE DB connection object. OLE stands for Object Linking and Embedding, 

and it’s essentially a lot of objects (COM objects) bundled together that allow the developer to 

connect to data sources in general, and not just databases. Exams of what they are used for are 

connecting to text files, SQL Server, email, etc. 

 

There are multiple different OLE DB objects (called data providers) and the one I will use is 

called "Jet". Others OLE DB objects include SQL Server and Oracle. I will use this line of code in a 

button that is used to load the database: 

Dim con As New OleDb.OleDbConnection 
The variable con will now hold the Connection Object.  Here, I’m creating a new object. This is 

the object that I will use to connect to an Access database. 

 

Data set 

ADO.NET uses something called a DataSet to hold every piece of data in a database (so does a 

DataTable, if all the user wants the program to do is read information, and not have people 
write onto the database). The DataSet will hold a copy of the information from the database. 

The DataSet is not something I can draw onto my form, like a Button, Textbox, etc. The DataSet 

is something that will be hidden from me, and it will just be stored in memory. Using a grid with 
rows and columns idea, each imaginary row of the DataSet represents a row of information in 

the Access database. And each imaginary column represents a column of information in the 

Access database (called a Field in database terminology). 

 

Data Adapter 

The Connection Object and the DataSet can't see each other. They need a go-between so that 

they can communicate. This go-between is called a Data Adapter. The Data Adapter contacts the 
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developer’s Connection Object, and then executes a query that they set up. The results of that 

query are then stored in the DataSet. 

 

SQL 

SQL is short for Structured Query Language and is a way to query and write to databases (not 
just in Access). The basics are quite easy to learn. If the developer wishes to grab every record 

from a table in a database, they must use the SELECT word in this format: 

SELECT * FROM tblUnnamed 

SQL is not case sensitive, so the above line could be written: 

Select * from tblUnnamed 

But SQL statements are easier to read if the keywords are typed in uppercase. The keywords in 

the lines above are SELECT and FROM. 

 

Steps in the algorithms to connect the backend to the frontend 

Generic file processing algorithms 

Open(User File) 

WHILE NOT EOF 

 Read (Username) 

END WHILE 

 

Algorithm to search for a user 

Output (“Enter the surname for the student you require”) 

Input (surname) 

Open (tblUser) 

Read (tblUser.Surname) 

WHILE NOT EOF (tblUser) 

 IF [tblUser.Record]. [Surname] = surname 

  OUTPUT (tblUser.Record) 

 END IF 

 Read (tblUser.Surname) 

END WHILE 

Overview of file processing algorithms 

Algorithms for SQL 
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Coded front end 

 

 

 

 

 

Backend database 

 

Algorithm to parse the expression 

Function ParseExpr(expressiom)  
 

        Dim op, op1 As Integer 

        op = ParseFactor(expression)  
        If expression.Length <> 0 

            If (expression(0) = "+")  

                expression = expression.Substring(1, expression.Length - 1) 
                op1 = ParseExpr(expression)  

                op += op1 'the two numbers are added together 

            ElseIf (expression(0) = "-")  
                expression = expression.Substring(1, expression.Length - 1) 

                op1 = ParseExpr(expression) 

                op -= op1 
            End If 

        End If 

        Return op  

    End Function 

 

    Private Function ParseFactor(expression) 
        Dim op, op1 As Integer 

        op = ParseExponent(expression) 

        If (expression.Length <> 0) 
            If (expression(0) = "*")  

                expression = expression.Substring(1, expression.Length - 1) 

                op1 = ParseFactor(expression) 
                op *= op1 

            End If 

        End If 
        Return op 

    End Function 

 
    Private Function ParseExponent(ByRef expression)  

        Dim op, op1 As Integer 

        op = ParseNumber(expression) 

Form to show details 

for every user 

User table Login table 

Form to allow the user 

to register or login. 
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        If (expression.Length <> 0) 

            If (expression(0) = "^")  
                expression = expression.Substring(1, expression.Length - 1) 

                op1 = ParseFactor(expression) 

                op ^= op1 
            End If 

        End If 

        Return op 
    End Function 

 

    Private Function ParseNumber(expression) 
 

        Dim numberTemp As String = "" 

        For i = 0 To expression.length - 1 
            If (Char.IsDigit(expression(0))) 

                numberTemp += expression(0) 

                expression = expression.Substring(1, expression.Length - 1) 
            End If 

        Next i 

        Return Integer.Parse(numberTemp) 
 

    End Function 

 
Algorithm to randomise the expression 

Declare expressionValues(5) As Integer 

 
Private Function NewExpression() 

        Randomize() 

        For i = 0 To expressionValues.Length - 1 
            Randomize() 

            expressionValues(i) = Int((9 - 1 + 1) * Rnd() + 1 

        Next 
        Dim expression As String = (expressionValues(0) & "x^" & expressionValues(1) & " + " & 

            expressionValues(2) & "x^" & expressionValues(3) & " + " & expressionValues(4)) 

        Return expression 
    End Function 

 

Algorithm for the next button in the quiz 
    Private Sub btnNext_Click() 

        If (questionNumber < 10)  

            NextQuestion() 
        Else 

            DisplayScore() 

        End If 
 

    End Sub 

 
 

Algorithm to differentiate an expression 
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Function GetDifferential(expression) 

 
        expression = expression.Replace(" ", "")  

        Dim values(expression.Length) As Integer  

        Dim count As Integer = 0  
        For i = 0 To expression.Length - 1  

            If expression(i) = "x"  

                If i = 0 
                    values(count) = 1  

                ElseIf expression(i - 1) = "-"  

                    values(count) = -1 
                ElseIf expression(i - 1).IsDigit() 

                    values(count) = Integer.Parse(expression(i - 1)) 

                    If i > 1  
                        If expression(i - 2) = "-"  

                            values(count) *= -1 

                        ElseIf Not expression(i - 1).IsDigit() 
                            Me.chrtMain.Series("MainGraph").Points.Clear() 

                            Me.chrtMain.Series("DiffGraph").Points.Clear() 

                            Return "Large coefficient" 
                        End If 

                    End If 

                Else 
                    values(count) = 1 

                End If 

 
                If i = expression.Length - 1  

                    values(count + 1) = 1 'power =1 

                ElseIf expression(i + 1) = "^"  
                    values(count + 1) = Integer.Parse(expression(i + 2)) 

                Else 

                    values(count + 1) = 1 
                End If 

                count += 2 

            End If 
        Next 

 

        Dim differential As String = ""  
        For i = 0 To values.Length - 2 Step 2 

            differential += "+" + (values(i) * values(i + 1)) + "x^" + (values(i + 1) - 1) 

        Next 
        Return differential 

    End Function 

 
Algorithm to plot the graphs 

Procedure CalculateValues() 

        If GetDifferential(expression) = "Large coefficient" 
            MsgBox("Coefficient can only be a single digit number!") 

        End If 

 



43 
 

        chart("MainGraph").Points.Clear()  

        chart("DiffGraph").Points.Clear()  
        Dim x(101) As Integer  

        Dim y(101) As Double  

        For i = -50 To 50  
            x(i + 50) = i  

            y(i + 50) = ReplaceX(txtExpression.Text, i)  

            chart("MainGraph").Points.Add(x(i + 50), y(i + 50))  
        Next i 

 

        For i = -50 To 50 
            x(i + 50) = i 

            y(i + 50) = ReplaceX(GetDifferential(txtExpression.Text), i) 

            chart("DiffGraph").Points.Add(x(i + 50), y(i + 50)) 
        Next 

 

    End Sub 
 

Algorithm to compare the user’s answer to the correct answer 

    Private Sub CompareAns() 
        Dim studentAnswer As String = txtAnswerBox.Text 

        Dim correctAnswer As String = CalculateAns() 

        studentAnswer = studentAnswer.Replace(" ", "") 
        correctAnswer = correctAnswer.Replace(" ", "")  

 

        If (studentAnswer = correctAnswer) 
            lblAnswerOutput.Text = "You got the question right!" 

            score += 1 

        Else 
            lblAnswerOutput.Text = "You got the question wrong!" 

        End If 

    End Sub 
 

Algorithm to update the user’s score in the database 

Private Sub UpdateScore() 
        sql = "select [User ID], [Average Score], [High score], [No of quizzes taken] from tblUsers 

where [User ID] =" & userID 

         
            Tables(0).Rows(i).Item(1) = (Tables(0).Rows(i).Item(1) * Tables(0).Rows(i).Item(3) + 

score) / (Tables(0).Rows(i).Item(3) + 1) 

            Tables(0).Rows(i).Item(3) = Tables(0).Rows(i).Item(3) + 1 
            If score > Tables(0).Rows(i).Item(2) 

                Tables(0).Rows(i).Item(2) = score 

            End If 
            Database.Update() 

    End Sub 

 

 

Post development testing 
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The following walkthrough will be given to the user. 

 

Task Completed Partially 
completed 

Not achieved User comment 

1. Start up the 
system. Login 
screen appears. 

    

2. Login with a 
correct user ID 
and password. 
Main menu 
appears. 

    

3. Open the 
graph drawer 
from the main 
menu. Graph 
drawer appears. 

    

4. Enter an 
expression and 
click the plot 
button. Graph 
appears. 

    

5. Click x to 
close the graph 
drawer. Main 
menu appears. 

    

6. Open the 
differentiation 
quiz from the 
main menu. 
Differentiation 
quiz appears. 

    

7. Enter your 
answer and click 
next. Next 
question 
appears. 

    

8. When the quiz 
is finished, click 
x. Main menu 
appears. 

    

7. Open the 
reports from the 
main menu. 
Reports form 
appears. 

    

8. Click the 
navigation 
buttons to 
search through 
the users. 
Different users’ 
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stats appear 
depending on 
the button 
clicked. 
9. Click the x 
button. Main 
menu appears. 

    

10. Click the x 
button. Program 
closes. 

    

 

Advantages of post development testing 

• Post development testing will allow me to see if the program is working as designed. If 

the user encounters any errors during the post development testing, it will be very easy 

for me to then find the error.  
• If any issues are found with the back end, due to SQL being a fourth-generation 

programming language, it should be easier to fix any issues with SQL queries in 
comparison to fixing issues with Visual Basic (which is a third-generation programming 

language). This can save time as I will have to spend less time myself finding issues. 
• The more errors the user finds, the better quality the final product will be when released 

to the public. The students will then be encountering less bugs, if most have already 

been found. This will increase customer satisfaction as reliability will be ensured if there 
are no bugs. 
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Development 

Iteration 1 
In iteration 1, I will be using Microsoft Access to work on developing the backend of the system 
by setting up the database and filling it up with data. I will focus on creating the user account 

system. This iteration will also focus on the entity relationship diagrams in my design to create 

links between the two tables. The first iteration will allow for the backend database in Access to 

store data. 

 

Reference to problem breakdown 

● Create tables that hold information for each user 

● Tables are linked together 

● Validation rules created and used to prevent invalid data being entered. 
 

Access tables 

User table 

The user table is the table that contains the user’s details - their ID, forename, surname, average 
score and high score. The average score and high score are stored next to the user’s forename 

and surname (in the datasheet view) which makes it easy to see who’s scores belong to who 

when looking at the backend. There isn’t much data stored in the user table which is good as it 
makes connecting the database to Visual Basic easier as there will be less issues with importing 

fields. This also means that the user isn’t required to submit much personal data, meaning not 

much can be gained from potential security breaches.  

Design view 
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This is the design view for the user table. I have made the User ID the primary key since that is 

the field which I will use to link the User table to the Login table. Since the User ID is 
automatically generated by the program, each user will have their own unique user ID, 

preventing the same ID to be used by more than one person which would lead to errors. The 

forename and surname are stored in this table as having the full name of each user next to their 
User ID makes it easy to see who’s User ID is who’s. Additionally, this table stores the user’s 

average score and high score so the user’s progress can be seen alongside their name making it 

easy to see which (average or high) score belongs to which user. 

Validations for the User table 

User ID 

 

I haven’t set up any validation rules for the User ID since it is an autonumber (meaning errors 
cannot occur). 

 

Forename 

 

The validation rule here ensures that the forename is between 2 and 20 characters long. 

 

 

Surname 
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The surname has the same validation rule as the forename since it must also be between 2 and 

20 characters long 

 

 

Average score 

 

The average score must be between 0 and 100 since it will be displayed as a percentage. I have 

used the field size of a byte since there is no need for the average score to be greater than 225 
(since the maximum score is 100%). 

 

High score 
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Just like with the average score, the high score must be between 0 and 100 since it will be 

displayed as a percentage. Again, I have used the field size of a byte since there is no need for the 
high score to be greater than 225 (since the maximum score is 100%). 

Datasheet view 

 

This is the datasheet view for the user table. I have set up with 20 users to show the typical 

entries for each column. 

 

Login table 

The login table stores the user’s login details - their username and password. It also stores their 
ID so it can be easily linked to the user table. The login table stores very little data as very little 

information is required to create the username and password system. There isn’t much data 

stored in the login table which is good as it makes connecting the database to Visual Basic easier 
as there will be less issues with importing fields. This also means that the user isn’t required to 

submit much personal data, meaning not much can be gained from potential security breaches.  
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This is the design view for the login table. Every field in the login table is displayed in this 

screenshot. I have made the User ID the primary key since that is the field which I will use to 
link the Login table to the User table. Since the User ID is automatically generated by the 

program, each user will have their own unique user ID, preventing the same ID to be used by 

more than one person which would lead to errors. The usernames of each user are stored in this 

table close to the User ID, which makes it easy to see which User ID belongs to which person. 

 

This is the datasheet for the login table, filled with placeholder users (which I will use to test in 

later iterations). 

Validations for the Login table 

User ID 



51 
 

 

 

Username 

 

 

Password 

 

 

 

 

 

Relationships 
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Relationships allow the user to enforce referential integrity. I have used referential integrity to 

prevent orphan records. Orphan records are records that reference other records that no longer 
exist. When this option is enforced, Access rejects all operations that would infringe referential 

integrity for that table relationship therefore Access will reject both updates that modify the 

target of a reference and deletions that remove the target of a reference. A foreign key in a table 
must reference to a legitimate primary key in the related table. Referential integrity ensures 

that the program will only have users that exist and no users that don’t exist. I have disabled the 

option to cascade update related fields since the user will not have the option to change their ID, 
since their ID is an abstract variable that will never be brought to the frontend. I have enabled 

the option to cascade delete related records so that a user whose account is deleted (in the user 

table) cannot login into the system. This would make no sense since they would login and have 
nothing to see. 

 

Here, the relationship between the two tables is displayed, which looks very similar to the entity 

relationship diagram I created during the design phase. The login table and the users table have 

a one-to-one relationship, as each user will have one login.  
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Testing 

 

Test 

num
ber 

Inpu

t 
Data 

Inpu

t 
Fiel

d 

Test 

Type 

Comme

nt 

Expecte

d 
Outcome 

Actual Outcome 

1 004 Stud
ent 

ID 

Typic
al 

  Data 
accepted 

  

Data accepted 

2 001 Stud

ent 

ID 

Extre

me 

001 is 

the 

lowest 

value 

that the 

ID can 
be. 

Data 

accepted 

  

Data accepted 

3 00A Stud

ent 

ID 

Invali

d 

Values 

must be 

numeric

al. 

Data 

rejected 

 

 

Data rejected. 

4 Timo

thy 

Fore

nam
e 

Typic

al 

  Data 

accepted 
  

Data accepted 

5 Mo Fore
nam

e 

Extre
me 

2 letters 
in a 

forenam

e would 
be on 

the 

boundar

y so is 

Data 
accepted 

  

Data accepted 
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allowed. 

6 A Fore
nam

e 

Invali
d 

1 letter 
in a 

forenam

e would 
be too 

little. 

Data 
Rejected 

 

 

Data rejected 

7 Smith Surn

ame 

Typic

al 

  Data 

accepted 
  

Data accepted 

8 Er Surn

ame 

Extre

me 

2 letters 

in a 
surname 

would 

be on 
the 

boundar

y so is 
allowed. 

Data 

accepted 

  

Data accepted 

9 F Surn

ame 

Invali

d 

1 letter 

in a 

surname 

would 

be too 
little. 

Data 

Rejected 

 

 

Data rejected 

10 41 Aver

age 

Scor

e 

Typic

al 

  Data 

accepted 
  

Data accepted 
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11 0 Aver

age 

Scor

e 

Extre

me 

On the 

boundar

y, 0 is 

the 

lowest a 
percenta

ge can 

be. 

Data 

accepted 
  

Data accepted 

12 -10 Aver

age 

Scor

e 

Invali

d 

On the 

boundar

y, 100 is 

the 

highest 

a 
percenta

ge can 

be. 

Data 

Rejected 

 

Data rejected  

13 70 High 

Scor

e 

Typic

al 

  Data 

accepted 
  

Data accepted 

14 100 High 

Scor

e 

Extre

me 

On the 

boundar

y, 0 is 

the 

lowest a 
percenta

ge can 

be. 

Data 

accepted 
  

Data accepted 

15 110 High 

Scor

e 

Invali

d 

On the 

boundar

y, 100 is 
the 

highest 

a 

percenta

ge can 

be. 

Data 

Rejected 
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Data rejected 

 

Development log 

 

Date Issue Comment/resolution 

12.04.2019 

 

 

 

Had to remove the quotation marks in 
the square brackets. 

12.04.2019 

 

Usernames could be duplicated 
(usernames should be unique to each 
user just like their ID) 

 

Had to set the indexed option to “Yes 
(No Duplicates)” 

12.04.2019 

 

The user couldn’t have a high score of 
100. 

 

Had to change the inequality so it was 
less than or equal to (and more than or 
equal to), rather than being just less 
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than or more than. 

12.04.2019 

 

Records cannot be deleted since the 
records in the second table also have 
the same records and referential 
integrity must be maintained. 

 

 

Enabled cascade delete related records 
so if an admin wants to delete records 
in either table, they can (they will be 
deleting the records from both tables). 

12.11.2019  

Program allows the user’s average 
score to be higher than their high 
score, which is logically impossible. 

 

Added a validation rule to the property 
sheet which prevents the user from 
being able to have a high score lower 
than their average score. 
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12.11.2019 

 

Validation text is difficult to 
understand. 

 

Added custom text that is more more 
user friendly. 

 

Review of iteration 1 

For my database, Access was perfectly capable with storing all of the data required. My database 

takes up less than 1MB of data but Access is able to store multiple GB of data. Additionally, 
although this was something that didn’t apply to me since I made my database independently, 

Access allows multiple people to work on a database together at the same time. Again, although 

I didn’t buy Microsoft Access, I am aware that it is not very costly in comparison to some other 
Database applications that I could have used. Due to a few limitations, I did not create a website 

alongside my program, though if I wished to, Microsoft Access would have given me full control 

and functionality over it so that telecommuting could have been a viable option. Access also 
made it pretty simple to add validation to the fields as a menu can be brought up which allows 

the user to select any of the built-in validation rules (instead of coding one themself). 

A disadvantage of Microsoft Access is that everything in the database is saved in the same 

(Accdb) file. This means that if one table gets corrupted, it is likely that the whole database will 

be corrupted and every table in the database will be affected. Another disadvantage of Microsoft 

Access is that multimedia data is very difficult to integrate into the database. 

While making the database, there was only one thing that I did not do the same as what I had 

planned in my design and this was to ensure that all passwords had an uppercase letter, a 

lowercase letter and a number in them (ensuring that they are fairly secure). I did not do this 

through Access as it was difficult to implement, since there isn’t a validation rule that forces 

certain characters to be a part of a string. Instead, I will do this in iteration 3 using Visual Basic 

using a loop. 

With the database fully setup, I am now able to connect Microsoft Access to Visual Basic (in the 

second iteration).  
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Iteration 2 
In the second iteration, I will link Microsoft Access and Visual Basic together and create some of 

the user interfaces that the program needs. I will only be adding the simpler parts of my 
solution in this iteration; the more advanced processing will be in the final iteration. I will be 

using a Windows Form Application to create my solution as it provides me with an easy-to-use 

interface that I can use to create multiple forms. 

Reference to problem breakdown (from the design phase) 

● I will transfer the backend data from Access to Visual Basic by using the algorithm from 

the design phase. 

● I will create buttons that will run SQL queries when they are clicked by the user. 

● I will create the usability features specified in the design phase. 

● I will create a user login system 
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Main menu 

 

This screenshot is the form view of the main menu interface of the program. When users log in, 

they will be greeted by this screen. The main purpose of this screen is to allow the user to 

navigate to other forms of the program. This is a very simple screen at the moment, though I will 
add more functionality in later iterations. In the sample drawings, I forgot to include the reports 

button, so I have added it here (since it is very important for the user to see how they are doing 

with the differentiation quiz). Besides for the reports button, I have kept everything here the 
same as I designed them. When the user clicks on the differentiation quiz button, they will be 

taken to the differentiation quiz form and the main menu form will be hidden (though I will add 

code to the differentiation quiz form that shows the main menu once the user exits the 
differentiation quiz form). 

When the user clicks on the graph drawer button, they will be taken to the graph drawer form 

and the main menu form will be hidden (though I will add code to the graph drawer form that 
shows the main menu once the user exits the graph drawer form). 

When the user clicks on the reports button, they will be taken to the reports form and the main 

menu form will be hidden (though I will add code to the reports form that shows the main menu 

once the user exits the reports form). 

Code 
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Testing 

Since there isn’t much functionality to the title screen, there isn’t much isn’t anything to test 

apart from to see if the menu loads the differentiation quiz form and the graph form. 

Test log for main menu. 

 

Test 
no 

Object Tested Input 
Data 

Test 
type 

Expected 
outcome 

Actual 
Outcome 

Comment 

103 Differentiation 
Quiz button 

Click Typical Open 
Differentiation 
Quiz form 

Opened 
Differentiation 
Quiz form 

 

105 Graph Drawer 
button 

Click Typical Opens Graph 
Drawer form 

Opened Graph 
Drawer form 

 

105 Revision 
program label 

N/A Typical Title label is 
displayed 

Title label is 
displayed 

No input 
data since 
users 
cannot 
interact 
with a 
label. 

 

 

 

 

Differentiation Quiz 
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This is the form that the user will need to use when attempting differentiation questions. These 

three screens are the main screens that will be displayed to the user. The screen allows the user 
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to see the question number and expression, then type the answer in and submit. Once the user 

has completed the quiz, their score is output to them. I have decided to keep the same here as it 
was in the design since there were no additional features that needed adding. This deals with 

specification point 4, to calculate the user’s score, out of 10,  and output it to them. This will 

allow users to track their progress.  

Code 
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Justification  

Firstly, I declared three global variables. The first global variable is an array that stores the 
coefficients and exponents of each x value. Elements stored with even identifiers are the 
coefficients and elements stored with odd identifiers are the exponents. The other two global 
variables are integers which store the user’s score and the current question number. When 
the form is first loaded, the procedure NextQuestion is called. 

The function NextExpression (lines 22 to 33) is used to generate random expressions for the 
user to differentiate. I used the randomize procedure provided by Visual Basic to generate 
random numbers which can then be used as coefficients or exponents. Every element in the 
array is assigned a random value from 1 to 9 (I may change this in a later iteration to create 
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more challenging expressions). The program then uses the expression values to create the 
string for the expression, and then returns it. 

The procedure NextQuestion (lines 10 to 21) first uses the NextExpression function to 
generate a random expression. The expression is then output onto the screen and the ‘next’ 
button is hidden. This is because the next button should only be seen once the user has 
submitted their answer so that they cannot skip questions. Here specification point 1 is being 
completed as the expression sent to the user is being randomised, preventing students from 
getting the same questions, preventing them from helping each other which could be cheating 
(depending on how Angela wants to use the program). Also, since the values are only in the 
range 1 to 10 and there are only two x terms in each expression, specification point 3 is also 
dealt with here as specification point 3 states that ‘the program will need to ensure that the 
number of x-terms in each equation isn’t too large’. If there were anymore terms, it may 
become redundant as the same skill is being tested too many times. 

The function CalcuateAns() (lines 34 to 41) is used to work out the correct differential of the 
expression that the user sees. To differentiate here, I used the general differentiation rule: 
when f(x) = ax^n, f’(x) = anx^n-1. I have not used a complex algorithm here so I may have to 
change this when questions change to become more complex in iteration 2.  

The next procedure CompareAns() (lines 43 to 54) first replaces all whitespaces from the 
correct answer and the student’s answer. This is because whitespaces don't affect whether or 
not the student’s answer is correct and if they did, the student would be required to know the 
syntax in which they must submit their answer, which would be very unnecessary and a 
waste of time. The procedure then makes a comparison (between the correct answer and the 
student’s answer to see if they’re equal) and informs the user whether or not they got the 
answer correct. At the moment, there are still a few things, however, which the user must be 
wary of. If the coefficient is 1, the student cannot just put x, although this would be correct. 
They must put 1x. Similarly, if the exponent is 1, the student cannot just leave it as x, they 
must put x^1. I will fix this in iteration 2. This deals with specification point 8 as the user’s 
answer is being compared by the correct answer worked out by the algorithm.  

The next procedure DifferentiationQuiz_Close() is a very small one and all it does is open the 
main menu once the user exits the differentiation quiz. This is so that the user has the option 
to do the quiz again or use the graph drawer once they exit the differentiation quiz, instead of 
having to reload the program. 

The next procedure btnHint_Click() just outputs the general formula used to differentiate an x 
term (in the form x^n). It is used in case the user has forgotten and needs a bit of guidance. 

In iteration 3, I will add more types of questions (which will be a bit tougher to solve than the 
ones in iteration 2) so that the user can get experience of different questions. This button 
deals with specification point 13 as it provides the general formula used to find the derivative 
of the polynomial. Of course, the first derivative formula would have also been used but that 
would’ve been hard to understand on a message box because of how long it is. 

The procedure btnNext_Click() deals with specification point 10 as the program is 
transitioning correctly between questions. The previous question number and expression are 
replaced with the new question number and expression. This procedure also has an if 
statement that checks to see if the student is on the last question. If the student has just 
completed question 10, it goes to the DisplayScore() method rather than the NextQuestion() 
method. This deals with specification point 14 as this means the student will never get to 
question 11 as there will always only be 10 questions for the student to do. 
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Testing 

Test log for differentiation quiz. 

 

Test 
no 

Object 
Tested 

Input 
Data 

Test 
type 

Expected 
outcome 

Actual 
Outcome 

Comment 

24 Question 
number label 

N/A Typical Question 
number label 
is displayed. 

Question 
number label 
is displayed. 

User cannot 
interact with a 
label so no 
input data 

25 Expression 
label 

N/A Typical Expression 
label is 
displayed. 

Expression 
label is 
displayed. 

User cannot 
interact with a 
label so no 
input data 

26 Hint Button Click Typical Message box 
with the hint 
appears. 

Message box 
with the hint 
appeared. 

 

27 Student’s 
answer box 

Type Typical N/A N/A No outcome 
since 
expression has 
not yet been 
processed. 

28 Submit 
Button 

Click Typical Program 
informs the 
user if they 
got the 
answer 
correct and 
displays the 
next button. 
Doesn’t allow 
the user to 
change their 
answer. 

Program 
informed the 
user if they 
got the 
answer 
correct and 
displayed the 
next button. 
Didn’t allow 
the user to 
change their 
answer. 

 

29 Next Button Click Typical Question 
number is 
incremented, 
a new 
expression is 
generated, 
next button is 
hidden, the 

Question 
number 
incremented, 
new 
expression 
generated, 
next button 
hidden, 
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answer box 
will no longer 
be read-only. 

answer box 
no longer be 
read-only. 

30 Expression 
Label 

N/A Typical User’s score 
will be output 
to them once 
they have 
completed the 
quiz 

User’s score 
was output to 
them once 
they have 
completed 
the quiz 

User cannot 
interact with a 
label so no 
input data 

 

Reports 

Connecting Visual Basic with Microsoft Access 

 

This is the diagram I made in the design phase to show how linking works between the frontend 

and backend. 

 

Form 
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Code 
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Issues I had (and resolved): 

At first, when I tried running the program, when I tried loading the  I was given an error and the 

program crashed: 

 

To solve this error, I had to make the program compatible with 64 bit systems only (meaning 

older architectures wouldn’t be able to use the program), which is fine since this was already a 
planned requirement which I specified in the analysis phase. 

To solve the error, I went to the configuration manager and created a new platform for x64 

systems only. 
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This is the property box for one of the items on the reports form (the load button). 

 

Review of iteration 2 

This iteration focused on connecting the database to the form. In my opinion, the connection 

coding went well as there were only a few issues like Visual Basic not being suitable with 

Access, which was fixed by changing the processor configuration. The student reports form 
worked well and I wasn’t greeted by many issues here. The basic form for the differentiation 

quiz has been created. At the moment, all it does is display an equation that the user needs to 

differentiate but I will add more types of questions to it. Next, I will be doing the third iteration 

which will finish the other specification points that are needed, such as the graph drawer, which 

will be the largest part of the program. I will then add more types of questions to the 

differentiation quiz such as finding the second derivative (d2y/dx^2) or finding the gradient at a 
certain point. Additionally, I will need to create a working login form. 

 

Iteration 3 
In the third iteration, I will focus on the remaining specification points which I outlined in the 
analysis phase. I will mostly be using Visual Studio Express 2012 in this iteration as the 

database has been completely set up, though if I find any errors in the database while coding, I 

will fix them. 

Graph Drawer 

Form 
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The graph drawer form first allows the user to enter a mathematical expression into the textbox 

and then plot the graph. The blue graph on the axis represents the graph of the expression that 
the user enters and the red graph represents the differential of the graph that the user enters. At 

the moment, the graph is pretty difficult to read, however in iteration 2, I will add a zoom in/out 

feature so that the user can see specific points more easily. 

Code 
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Justification 

The first subroutine (lines 7 to 9) is a very simple one as all it does is show the main menu form 
once the user exits the graph drawer form. 

 

The next subroutine (lines 11 to 24) first ensure that the last character is not an operator sign 
(since this would produce a syntax error during processing, hindering the usability of the 

program). I have decided to use a message box to inform the user what they have done wrong 
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instead of using a label so they have to exit the message box to go back to the graph drawer. This 

is better than using a label since with a label, they may not read it, which may confuse them 
about why their expression does not work. If the last character is not an operator sign, the user 

will be taken to the next procedure (calculateValues()). 

 

The next procedure (lines 26 to 54) is the subroutine that plots the points onto the graph. At the 

start, the procedure checks to see if there are any coefficients in the expression that have more 

than one digits (so only the numbers -9 to 9 are allowed as coefficients. If there is a coefficient 

that is too big (or too small), a message box is outputted that informs the user that all 

coefficients must be a single digit number. A message box is used, rather than a label, for the 

same reason as in the second subroutine. If there are any coefficients that are too big, the whole 
procedure has to be stopped and the graph is not plotted. If the graph were to be plotted, the 

user would see the wrong graph, which would lead to confusion. Then, the procedure clears 

both graphs as it may be the case that the user already had a graph which was being displayed. 

If this was the case and the graph wasn’t cleared, a very wrong graph would be displayed as a 

result of two graphs combining. This would undoubtedly confuse the user as the graph may look 

similar to the graph they were expecting but have a difference that they believe to be correct 

after seeing the error. Next, two arrays are set up - one for the x values and one for the y values. 

Both arrays have a length of 101 elements. The for loop adds elements into the array. The x-

value array has every number from -50 to 50 and the y-value has every number for the 

corresponding x-value. For every iteration, the x and y point is added to the first series called 

“Main Graph”, staying synchronised. Afterwards a similar loop is used but rather than the y 

value being the output value if the x value was inputted into the expression, the y value is the 
value that is outputted once the current x value (i) is inputted into the differential of the 

expression. The if statement, that checks to see if the output value is -20000000000000000, is 

there to test to see if the value can be outputted because if the power is negative and the x value 

is 0, the program would try to divide by 0 which would produce a math error, crashing the 

program. Instead of crashing the program, this point is just not plotted onto the graph. A second 

graph is then output onto the same set of axes so that the user can see how both graphs interact. 
This deals with specification point 5 which is to output the correct graphs for the expression 

that the user enters. The graph of the derivative will allow Angela to explain the changes in 

gradient of the original equation. 

 

The next subroutine (lines 57 to 89) is a function that returns the output value that is processed 

once the input value is substituted where there are any ‘x’s in the expression. I have decided for 
an expression to be specified as a parameter so that the original expression or the differential of 

the original expression can be processed by this function. If I didn’t use the parameter and just 

instructed the program to use the function on the original expression, there would likely be 
more difficulty replacing the x values in the differential. In this function, I have used the library 

called MSScriptControl. I have used a library instead of making my own code to do this as 

libraries are made with very high expertise so are very efficient and error free. Additionally, this 
saves time as I no longer need to program a string operation to integer function. This library is 

used to parse the string operation to an integer value. This must be done as Visual Basic cannot 

parse string operations into integers, instead it can only parse a string integer (such as “5” or 

“19”) to the integer data type. The for loop is used to validate the string operation so that 

mathematical errors can be spotted and resolved. An example of this is if the expression is “3x”, 

the x value would not be multiplied by 3, instead 3 will be multiplied by 10 and x will be added. 
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So if x = 5, y would be 35 when it should be 15. If the x value being handled is the first character 

in the expression (so is at element 0), x does not need to be multiplied by a preceding coefficient 
so x can just be sent on its own. If the preceding character is a space or operator sign (excluding 

^), the coefficient must also be 1 so the program does not multiply the x value by any number. 

However, if the preceding value is anything else, a ‘*’ is inserted in front of the number that has 
just replaced the x value. This will ensure that the x value is always multiplied by the coefficient. 

The else part of this if statement just tells the program to send the character that was previously 

already in the expression. Next, I have made the initial result value -20000000000000000. This 
will be overwritten in every ‘for loop’ except once. The only time this won’t be overwritten is 

during differential for loop when the coefficient must be divided by 0. This is because any 

number divided by 0 is undefined, which crashes the program. So when the previous subroutine 
calls this function, if -20000000000000000 is returned, this point will be ignored on the 

differential graph. This will not affect the graph as the points for -1 and 1 will still be visible and 

0 is just in the middle so will line up. The ‘try and catch’ statement checks to see if parsing the 
string returns an error and if this is the case, the value for the result is not overwritten. If there 

is not an error, however, the result will become the Double value that is outputted once the 

spring operation has been processed. 

 

The next subroutine (lines 86 to 150) is a function that uses the expression to work out the 

differential. The expression is parsed as a parameter into the function which can then be used in 

the function. Firstly, I have removed all the whitespaces from the expression as they are 

unnecessary and dealing with them can be a bit complicated. Then I have made an array called 

values which has the length of the amount of characters in the expression. The even numbers in 
the array are used for the coefficient and the odd numbers are the exponent. The first ‘for loop’ 

in this function is used to first find any x values in the expression. Once an x value has been 

found, the characters preceding it are checked. If the previous character is a ‘-’, the value 

coefficient is multiplied by -1. If the previous character is a number, the exponent value is 

multiplied by that number. If there is a ‘-’ sign before the number, the exponent is multiplied by 

the negative coefficient. Afterwards, the program checks to see if the coefficient has more than a 
single digit. Having more than one digit in the coefficient can make the coding slightly more 

complex so the user is only allowed to enter one digit for each coefficient. In a later iteration, I 

will increase the coefficient range from -99 to 99. This is because it is very common in A level 

Maths, to get an expression with a double digit coefficient(s). If there is a double (or higher) 

digit coefficient in the expression, both graphs must be cleared to prevent the user seeing the 

incorrect graphs. Additionally, “Large coefficient” is returned, meaning the function is halted. 
This way, when the function is called, if the return value is “Large coefficient”, the subroutine 

calling this function can respond accordingly by using an if statement, instead of treating it like a 

normal string expression. Afterwards, the loop checks to see if the current character in the 

string (an x) is the last character in the string. If so, the program does not check to see if there is 

an “^” after the x. If it did check, the program would crash, returning a syntax error since there 

isn’t a character after that value. If the current x is the last character, the exponent is not 
checked and is stored as 1 in the ‘values’ array. However, for any other x value in the string, the 

loop checks to see if there is an “^” after the x and if there is the exponent is stored in the array 

as an odd element (1 if 1st x, 3 if 2nd x, 5 if 3rd x, 7 if 4th x, etc.). At the end of the for loop, count 

is incremented by 2 so next time it is used, the coefficient and exponent for the next x value are 

being stored. Afterwards, I created an empty string to store the differential. I added the 

differential by using a for loop, so the coefficients (even elements) and the exponents (odd 

elements) are put into differential form. I used the general differential formula here: when f(x) = 

ax^n, f’(x) = anx^n-1. The program then returns the differential as a string to be used by the 
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calculateValues() procedure. This deals with the second specification point: the program will 

need to store the algorithm needed to differentiate equations. Now that an algorithm that can 
differentiate an expression has been written, any polynomial can be differentiated. 

 

The last subroutine (lines 141 to 149 is a small procedure that validates each character so only 
certain characters are allowed. Only the characters in the string "0123456789*-+^x " are 

allowed with the addition of backspace (as it is essential for the user to be able to delete 

characters in the expression in case they make a mistake while entering it). 

 

Changing the algorithm to calculate values 

The current algorithm I’m using works but was only in place to see if the graph drawer is able to 
calculate the values needed for the graph accurately. I will now be changing the algorithm used 

to find values by using the parse tree mentioned in the design phase. 

 

This is the diagram of a parse tree that parses the expression 5*x^2 + 3*x^3 - 9*x. Since a parse 

tree is a top down technique, the top layer is the lowest precedence. This is because the 

structure follows the rules of BIDMAS, where addition and subtraction are carried out last. As 

well as being more efficient, using a parse tree makes the code more readable as it can clearly be 
seen which order operations take place in. Also, they produce less errors, meaning I should get 

more valid results when testing, which will save time as less errors need to be corrected. 

Linearly scanning through the expression also required a lot more code as there had to be more 
nesting to check for every possible scenario. Since there are two addition/subtraction signs, the 

root of the tree is the first sign, the addition. Since the part to the right of the addition contains a 

subtraction, the right part of the parse tree is bigger than the left. Multiplication and division are 
next in precedence so any x value that has an exponent, is split up so the coefficient is multiplied 

by the output of the power operation. Since my program only supports polynomial graphs, there 

is no need to worry about division and parentheses so my code doesn’t need to parse 
expressions with these two operators. The reason it doesn’t support these is because the 

general differentiation rule cannot be applied to more complex expressions such as 3(x-2)^(½) 

+ 1/(3x-5)^2. If the user was able to enter division signs or parentheses, they would be able to 
enter these complicated expressions, which would produce the wrong output (or alternatively 

crash the program). However, if I were to expand the program, allowing complex expressions 

like these would definitely be possible as I could code the algorithm required to use the chain, 
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product or quotient rule onto the expression. Another way to expand the program would be to 

have the ability to solve trigonometric functions and output their graphs. I have not added this 
ability to the current program as trigonometric functions are very different to polynomial ones 

and they would require a completely different way to parse the expression as the current parse 

tree does not support any operations other than addition, subtraction, multiplication and 
powers.  

 

Code for parse tree 

 

This function is used to complete addition and subtraction operations. However, before addition 

and subtraction operations take place, the expression is sent to ParseFactor as multiplication 

has a higher precedence than addition. Eg. if the expression is 5*7 - 3*9, op would be 35-27 (as it 
completes any multiplications in the expression) and just gives what’s left (what has a lower 

precedence in the expression). Once the multiplication in the expression is done, the expression 

must first ensure that the string is not empty (as in that case there would be nothing to add or 
subtract). Since recursion is used, this is a very slow process as for every recursion, ParseFactor, 

ParseExponent and ParseNumber are used, even though these three only need to be used the 

first time. Because of this, I may change the code later on, if necessary.  

 

This function is used to complete multiplication operations. However, before multiplication can 

take place, the expression is sent to ParseExponent as indices have a higher precedence than 

multiplication. Eg. if the expression is 5*7^2 - 4*3^3, op would be 5*49 - 4*27 (as it completes 

any exponent operations in the expression) and just gives what’s left (what has a lower 
precedence in the expression). Once the exponent operation in the expression is done, the 

expression must first ensure that the string is not empty (as in that case there would be nothing 

to multiply by). Since recursion is used, this is a very slow process as for every recursion, 

ParseExponent and ParseNumber are used, even though these two only need to be used the first 

time. Because of this, I may change the code later on, if necessary.  



80 
 

 

This function is used to complete exponent operations. However, before exponent operation can 

take place, the expression is sent to ParseNumber so string numbers can be converted to 
integers as this is required to use operators on them. Eg. if the expression is “13” op would be 

13. Once the string to integer operation in the expression is done, the expression must first 

ensure that the string is not empty (as in that case there would be nothing to multiply by). Since 
recursion is used, this is a very slow process as for every recursion, ParseNumber is used, even 

though it only needs to be used a few times. Because of this, I may change the code later on, if 

necessary.  

 

The function is the last function to receive any input. It first creates an empty string that will be 

used to concatenate numbers onto it. A for loop is used to go through every character in the 

expression and if the current character in the string is a digit. If the first character is a digit (this 

is also the current character as recursion is used so the current character is always the first 
one), it concatenates it onto the numberTemp string. Here, I have used the IsDigit function, built 

into Visual Basic, as part of the char class. Then, recursion is used to pass the remaining 

expression (every character except the first) back into the function. Once this process is 

completed, the Parse method is used from the Integer class to return numberTemp as an integer 

to be operated on, since mathematical operators cannot be used on strings. 

 

Testing 
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To test, I’ve created a new button and label that use the expression and output the individual 

input. This is only to see if the correct outputs are being produced as it will be easier to do this 

with the actual number than with the graph. Here, I am only testing to see if valid typical inputs 
produce the correct outputs, I will test the extreme and invalid inputs later. 

 

Test 
no 

Input Data Test type Expected 
outcome 

Actual 
Outcome 

Comment 

31 4+8 Typical 12 12 Correct 
output. 

32 741-895 Typical -154 -154 Correct 
output. 

33 72*19 Typical 1368 1368 Correct 
output. 

34 5^3 Typical 125 125 Correct 
output. 
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35 4*9+3*2 Typical 42 42 Correct 
output. 

36 414*8-41*82 Typical -50 -50 Correct 
output. 

37 4*2^5-3*4^3 Typical -64 -64 Correct 
output. 

38 3+10+7 Typical 20 20 Correct 
output. 

39 3+10-7 Typical 6 6 Correct 
output. 

40 3*7+9*4+7*2 Typical 71 71 Correct 
output. 

41 3*7+9*4-7*2 Typical 43 43 Correct 
output. 

42 3*7-9*4-7*2 Typical -29 -1 This 
produces the 
incorrect 
output. This 
is the output 
that I would 
expect with 
3*7-9*4+7*2. 
Therefore 
there is a 
logical error 
in the code 
that needs to 
be fixed. 

42 3*7-9*4+7*2 Typical -1 -29 This 
produces the 
incorrect 
output. This 
is the output 
that I would 
expect with 
3*7-9*4-7*2. 
Therefore 
there is a 
logical error 
in the code 
that needs to 
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be fixed. 

 

Evidence for testing 
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Here, there is a bug in the program: when there is a subtraction sign followed by a different sign, 
the program subtracts the number after the next addition/subtraction. If the next 
addition/subtraction operator is a “+”, the program does “-+”, which ends up being just “-”. If the 
next addition/subtraction operator is a “-”, the program does “--”, which ends up being just “+”. 
So in short, it does the opposite for any operators that come after it. 
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Here is an example of a parse tree it produces with an expression like this: 

Original expression: 5*4^2 - 3*4^3 + 9*4 

 
On the right side of the parse tree, the indices operation is completed first to get 64 (from 4^3). 
Then, 3*64 and 9*4 are done to get 192 and 36. These are then added to get 228. Then, 228 is 
subtracted from the left side (from 80) to get -148. This is incorrect as the correct output should 
be -76 as what the program is supposed to do is subtract the second term and add the third. 
Instead, the program added everything past the subtraction side and took it away which is 
incorrect. 

After this, I tried changing the code in an attempt to find a fix, however a fix that would always 
work was not found by using the same algorithm. Therefore, I did research on how to fix this 
error and realised that I had to remove the subtraction operator and instead needed to make it 
so the program could only add. Subtraction would still work, but I wouldn’t need to program 
that in myself. Instead, negative numbers would be added. This alternative seemed like it would 
work, as if you have 3 - 2 + 10, this is the same as 3 + (-2) + 10. Therefore, I tried it. To do this, I 
needed to use a completely different algorithm as this is not something my current program can 
do with just a few tweaks. Therefore, I started from scratch as I created my new and improved 
parse tree algorithm. 

 

 

In the new algorithm, I’m using two lists; one called NumList and one called OperatorList. 
NumList stores every number in the expression and OperatorList stores every operator in the 
expression. I used lists instead of arrays as lists are easier to use when the size is dynamic, 
which makes them more flexible when the number of operators and numbers entered is 
unknown. Also, lists have some built in functions that make development much easier. 

 

This how the lists will work in the new algorithm for 5*4^2 - 3*4^3 + 9*4: 

NumList:  

5 4 2 -3 4 3 9 4 

 

OperatorList: 



88 
 

* ^ + * ^ + * 

Note: if there are any minus signs, an addition sign is added to OperatorList and a negative 
number is added to NumList (as adding a negative number is the same as subtracting that 
number). 

 
First, the program will complete any indices operations, once this is done, the lists have a few 
less values (as the first number part of an operation is replaced by the output and the second is 
deleted). Also, the operator is deleted from OperatorList. The lists after the indices in in 
OperatorList are found and the appropriate elements in NumList have been operated on: 

NumList: 

5 16 -3 64 9 4 

 

OperatorList: 

* + * + * 

 

The lists after the multiplication signs in OperatorList are found and the appropriate elements 
in NumList have been operated on: 

NumList: 

80 -192 36 

 

OperatorList: 

+ + 

 

The lists after the addition signs in OperatorList are found and the appropriate elements in 
NumList have been operated on: 

NumList: 

-76 

 

OperatorList: Empty. 

Then, NumList is returned. 

 
Although, this way of parsing an expression works completely fine, this is not how calculators 
parse mathematical expressions. Instead of using two lists, they use one stack. Stacks are good 
for parsing expressions as they are a First in, Last out data structure so they can be used to 
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operate on the later values before the earlier ones, therefore they are very efficient. However, 
with my program, there is no need to use stacks as lists are also pretty efficient and the type of 
data structure isn’t the only factor used to determine the efficiency of the whole program. 

With a stack, the expression 5*4^2 - 3*4^3 + 9*4 would be stored like this: 

 

5 

* 

4 

^ 

2 

+ 

-3 

* 

4 

^ 

3 

+ 

9 

* 

4 

 

Similarly to using two lists, the indices would be completed first to get a new stack with all the 
values beside the indice(s) and the value after. Then, the multiplication would be done and the 
addition would be done last. 
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Here is the first function for the new code. This function returns the output of the expression. 
Additionally, this function is more efficient as it doesn’t use recursion, instead it uses iteration to 
check through each operator. Since less runs are required, this algorithm can be completed 
much quicker and although this isn’t very noticeable right now, when this needs to be done 100 
times with the graph, this will be more apparent. The first two lines empty the lists in case there 
are already values in them from the last expression. Then, the lists are filled up, using values 
from the expression. The variable OpIndex is used to identify which character in the expression 
is the current operator being looked for. The IndexOf function part of the List class is used to 
locate the operators. This is an advantage of using lists as I have not had to code a function to do 
this myself. NewNum is the variable used to store outputs from the operation. The array 
operators has all of the operators that the program may search for. The array is in order of 
precedence since it will be the variable used as a counter variable in the for loop. I have done 
this instead of just specifying a number in case I decide to add any new operators to the array at 
a later date. That way I won’t need to make any adjustments to the for loop declaration. Also, 
there is no minus sign in the operators; if there is a minus sign in the expression, it goes with the 
number and just gets added onto it as adding a negative is the same as subtracting. The same 
variable (NewNum) is for indices, multiplication and addition as after this has been completed, 
the output is stored in NumList where OpIndex was. The number at OpIndex + 1 is then 
removed from NumList as it has now been used and the operator is removed from OperatorList. 
This is done until there are no more signs in the expression. When there are no signs left, the 
first element in NumList is outputted, as it should be the only element still in the array as there 
should be no children nodes left.  

PopulateLists 
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This is the second module used to parse the expression. This procedure is used to input 
numbers (and operators) into NumList and operators into OperatorList. Firstly an empty string 
called strNum is created. This is used to concatenate numbers. The string needs to contain a 
value to concatenate characters onto it therefore it is empty. The for loop after that checks 
through every character in the expression. If the current character is a digit, it is concatenated 
into strNum. Here, the IsDigit function from the Char function is used to accomplish this. If the 
current character is a minus sign, an addition sign is added to OperatorList as here, we are 
adding a negative number. This also means that a new term has been reached so the last 
number that was accumulated is converted to a double and added to the NumList. CDbl is a 
function, part of the Double class, used to convert a string number to a double. After the number 
has been added to NumList, the number in strNum is replaced with a minus sign so the new 
number can be stored as a negative number. If the current character is neither a digit or 
subtraction sign, it can be assumed to be an operator sign and so, it is added to OperatorList and 
the number that in strNum is converted to a double and added to NumList. Then the old value in 
strNum is cleared so that a new number can be input into it. At the end, once the for loop has 
been completed, strNum will contain a number as the last value in an expression will be a 
number. Since, in the for loop, only a negative sign or subtraction sign added numbers onto 
NumList, this can’t be done in the loop for the last number. Therefore, just before the procedure 
ends there is an extra line that adds the last number (strNum after the last operator sign) to 
NumList.  

Test log for updated parse tree 

 

Test 
no 

Input Data Test type Expected 
outcome 

Actual 
Outcome 

Comment 

31 4+8 Typical 12 12  

32 741-895 Typical -154 -154  

33 72*19 Typical 1368 1368  

34 5^3 Typical 125 125  

35 4*9+3*2 Typical 42 42  
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36 414*8-41*82 Typical -50 -50  

37 4*2^5-3*4^3 Typical -64 -64  

38 3+10+7 Typical 20 20  

39 3+10-7 Typical 6 6  

40 3*7+9*4+7*2 Typical 71 71  

41 3*7+9*4-7*2 Typical 43 43  

42 3*7-9*4-7*2 Typical -29 -29  

43 3*7-9*4+7*2 Typical -1 -1  

44 3*7-9*4+7*2^2 Typical 13 13  

45 3*7-9*4+7*2^2 
+5*2^4 

Typical 93 93  

46 3*7-9*-4+7*2^2 
+5*2^4 

Typical 165 CRASH Here, the 
program 
has crashed 
as it does 
not support 
a negative 
sign in front 
of a 
multiplicati
on sign. 

 

Evidence for tests 
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After playing around with the code a bit, I managed to find a fix for this: 

 

I made it so if the current operator is a ‘*’ or a ‘^’ and the next operator is a negative, strNum is 
changed to a “-” to indicate that the number in strNum is a negative. By doing this, I was able to 
solve the issue I was having. 

 

Test 
no 

Input Data Test type Expected 
outcome 

Actual 
Outcome 

Comment 

47 3*7-9*-4+7*2^2 
+5*2^4 

Typical 165 165  

48 3*7-9*-
4^2+7*2^2+5*2^4 

Typical 273 -15 Here, the program 
is not doing 3*7-
9*-
4^2+7*2^2+5*2^
4. Instead, it is 
doing 3*7-9*(-
4)^2+7*2^2+5*2^
4. Although the 
program produces 
a different result 
to what a normal 
calculator would 
output, this is 
completely fine 
for my application 
as instead of a 
constant, the term 
that will be 
squared would 
always need to be 
positive as 
squared numbers 
are always 
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positive. 
Therefore, this is 
something that I 
will not need to 
fix. 

49 3*7-9*-
4^3+7*2^2+5*2^4 

Typical 705 705  

50 3*7-9*-
4^6+7*2^2+5*2^4 

Typical 36993 -36735 Just like when 
squaring a 
number, 
whenever using 
an even power, 
the program does 
(-x)^2 instead of -
x^2. This is good 
as it means I will 
not have to 
implement a 
parenthesis 
feature, which 
would take up 
more time. 

 Empty string Invalid  CRASH When the user 
enters an empty 
string, the 
program crashes. 

 

 

 

Here, I’ve added 5 lines of code. The first line replaces any whitespaces in the expression. Since 
the string is passed into the Replace method by value and not by reference, I’ve had to overwrite 
the original expression with the new one, that has no whitespaces. Then, the program checks to 
see if the string is still empty and if it is, it outputs a message box with the text “Enter an 
expression.”, to let the user know that they cannot enter an empty string as there is nothing here 
to be processed. The function is then exited to prevent a crash from occurring. 

Evidence for tests 
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103 
 

 

 

 

Test 
no 

Input Data Test type Expected 
outcome 

Actual 
Outcome 

Comment 

51 Empty string Invalid Message 
box with 
text “Enter 
an 
expression
.”. 

Message 
box with 
text “Enter 
an 
expression
.”. 

 

52 “      5*5” with the 
spaces 

Typical 25 25 Although it is very 
unlikely that the 
user will ever 
need to use this 
many spaces next 
to each other, the 
program still 
allows this which 
is fine. 

53 *5 Invalid  CRASH The program 
crashes when the 
first character is 
an operator. 
When the 
program detects 
an operator, it 



104 
 

tries adding the 
current number to 
the list. However, 
if the first number 
is an operator, 
there isn’t a 
number to put on 
the list yet so this 
would produce an 
error even if there 
wasn’t an out of 
bounds error. 

54 5* Invalid   The last line of the 
PopulateLists 
function is to add 
the last number to 
NumList. 
However, if the 
last character in 
the expression is 
an operator, the 
last number has 
already been 
added to NumList, 
and it’s now 
trying to add an 
empty string 
which would be 
invalid. Therefore, 
the program 
crashes. I will 
need to add some 
extra code to 
ensure that the 
program doesn’t 
crash for these 
types of invalid 
input strings. 
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I added some more code that checks to see if the first or last character in the string is an 
operator. 
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If the first or last character is an operator the user is told and then they can fix the expression, 
instead of having the program crash in front of them. This means that the program is able to 
accept invalid inputs but it just doesn’t process them. 

 

Test log 

Test 
no 

Input Data Test type Expected 
outcome 

Actual 
Outcome 

Comment 

53 *5 Invalid Message 
box with 
text 
"Invalid 
syntax: 
First letter 
cannot be 
an 
operator.". 

Message 
box with 
text 
"Invalid 
syntax: 
First letter 
cannot be 
an 
operator.". 

 

54 5* Invalid Message 
box with 
text 
"Invalid 
syntax: 
Last letter 
cannot be 
an 
operator.”. 

Message 
box with 
text 
"Invalid 
syntax: 
Last letter 
cannot be 
an 
operator.”. 

 

55 3- Invalid Message 
box with 
text 
"Invalid 
syntax: 
Last letter 
cannot be 
an 
operator.”. 

Message 
box with 
text 
"Invalid 
syntax: 
Last letter 
cannot be 
an 
operator.”. 

 

56 4+ Invalid Message 
box with 
text 
"Invalid 
syntax: 
Last letter 
cannot be 
an 
operator.”. 

Message 
box with 
text 
"Invalid 
syntax: 
Last letter 
cannot be 
an 
operator.”. 
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57 ^8 + 10 Invalid Message 
box with 
text 
"Invalid 
syntax: 
First letter 
cannot be 
an 
operator.". 

Message 
box with 
text 
"Invalid 
syntax: 
First letter 
cannot be 
an 
operator.". 

 

58 +3^2 Invalid Message 
box with 
text 
"Invalid 
syntax: 
First letter 
cannot be 
an 
operator.". 

Message 
box with 
text 
"Invalid 
syntax: 
First letter 
cannot be 
an 
operator.". 

 

59 -8^5 Typical -32768 CRASH The program tries 
checking to see if 
the previous 
character before 
the minus sign is a 
digit. Since the 
first character is 
the minus sign, 
the program 
crashes since the 
index was out of 
bounds. 
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To fix this, I added a two lines of code: 

 

This is an if statement that prevents the next if statement from being accessed if the 
requirements here are met. First, it checks to see if the current character is the first character in 
the expression AND if the current character is a negative. If this is the case, the first number in 
NumList will need to be negative so strNum is assigned the value “-” so any number afterwards 
is also negative. 

Test log 

 

Test 
no 

Input Data Test type Expected 
outcome 

Actual 
Outcome 

Comment 

59 -8^5 Typical -32768 -32768  

60 -4*5 - 5*3^5 + 4*12 Typical -1187 -1187  

61 3^-2 Invalid 0.1111111
11111111
11 

0.1111111
11111111
11 

Negative powers 
(inverse 
functions) were 
not part of the 
original 
specification. 
However, since 
they work, there 
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is no reason to 
stop 

62 2*4^-1 Invalid 0.5 0.5 Again, originally 
this would’ve 
been invalid but 
since the program 
is able to do this 
without any 
changes, I’m 
letting inverse 
functions work. 

 

Evidence for testing 

 



114 
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I then took all the validation and put the code into a separate function to make the code easier to 
read. 

 

 

This code still works the same as the original did. This way the code is just easier to understand 
and will be easier to debug if there is a bug as code has been separated into different modules. 
The ValidateExpression() function deals with specification point 15 as it prevents the user from 
entering an improper expression. Right now, this specification point is only half dealt with as 
the user can still enter some improper expressions but by the end of this iteration, this 
specification point will be complete. 

 

Now that the program is working with expressions where only constants are involved, I started 
working on allowing variables to also be part of the expression. 
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This function first replaces any uppercase ‘x’s to lowercase in case the user types them in capital 
letters. Then, the loop is used to replace any x terms on the right to a number (the coefficient) 
with “*x” so the program knows that it’s dealing with multiplication here. Eg. if y = 5x and x = 1, 
if this is not done, 5x would just be 51. However, with the for loop, the expression is changed to 
y = 5*x which means 5*1 (= 5) which is correct. 

To test to see if the correct outputs are output I have moved the test label to the left of the 
window so the whole label can be seen on one window as one label will store every value from -
10 to 10. 

 

Testing 

 

Test 
no 

Input Data Test type Expected 
outcome 

Actual 
Outcome 

Comment 

63 -x Valid -10:10 -9:9 
-8:8 -7:7 -
6:6 -5:5 -
4:4 -3:3 -
2:2 -1:1 
0:0 1:-1 2:-
2 3:-3 4:-4 
5:-5 6:-6 
7:-7 8:-8 
9:-9   10:-1 
0 

-10:10 -
9:9 -8:8 -
7:7 -6:6 -
5:5 -4:4 -
3:3 -2:2 -
1:1 0:0 1:-
1 2:-2 3:-3 
4:-4 5:-5 
6:-6 7:-7 
8:-8 9:-9   
10:-1 0 

 

64 x+19 Valid -10:9 -9:10 
-8:11 -7:12 

-10:9 -
9:10 -8:11 
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-6:13 -5:14 
-4:15 -3:16 
-2:17 -1:18 
0:19 1:20 
2:21 3:22 
4:23 5:24 
6:25 7:26 
8:27 9:28  
10:29 

-7:12 -
6:13 -5:14 
-4:15 -
3:16 -2:17 
-1:18 0:19 
1:20 2:21 
3:22 4:23 
5:24 6:25 
7:26 8:27 
9:28  
10:29 

65 2x Valid -10:-20 -
9:-18 -8:-
16 -7:-14 -
6:-12 -5:-
10 -4:-8 -
3:-6 -2:-4 -
1:-2 0:0 
1:2 2:4 3:6 
4:8 5:6 
6:12 7:14 
8:16 9:18  
10:20 

-10:-20 -
9:-18 -8:-
16 -7:-14 -
6:-12 -5:-
10 -4:-8 -
3:-6 -2:-4 -
1:-2 0:0 
1:2 2:4 3:6 
4:8 5:6 
6:12 7:14 
8:16 9:18  
10:20 

 

66 3x+5 Valid -10:-25.....-
9:-22.....-
8:-19.....-
7:-16.....-
6:-13.....-
5:-10.....-
4:-7.....-3:-
4.....-2:-
1.....-
1:2.....0:5....
.1:8.....2:11.
....3:14.....4:
17.....5:20...
..6:23.....7:2
6.....8:29.....
9:32.....10:
35…... 

-10:-25.....-
9:-22.....-
8:-19.....-
7:-16.....-
6:-13.....-
5:-10.....-
4:-7.....-3:-
4.....-2:-
1.....-
1:2.....0:5....
.1:8.....2:11
.....3:14.....4
:17.....5:20.
....6:23.....7:
26.....8:29...
..9:32.....10
:35..... 

 

67 3x^2 Valid -10:300.....-
9:243.....-
8:192.....-
7:147.....-
6:108.....-
5:75.....-
4:48.....-
3:27.....-

-
10:300.....-
9:243.....-
8:192.....-
7:147.....-
6:108.....-
5:75.....-
4:48.....-
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2:12.....-
1:3.....0:0....
.1:3.....2:12.
....3:27.....4:
48.....5:75...
..6:108.....7:
147.....8:19
2.....9:243...
..10:300..... 

3:27.....-
2:12.....-
1:3.....0:0....
.1:3.....2:12
.....3:27.....4
:48.....5:75.
....6:108.....
7:147.....8:
192.....9:24
3.....10:300
..... 

68 -3x^3+4x^2-9x+1 Valid -
10:3491.....
-9:2593.....-
8:1865.....-
7:1289.....-
6:847.....-
5:521.....-
4:293.....-
3:145.....-
2:59.....-
1:17.....0:1..
...1:-7.....2:-
25.....3:-
71.....4:-
163.....5:-
319.....6:-
557.....7:-
895.....8:-
1351.....9:-
1943.....10:
-2689..... 

-
10:3491.....
-
9:2593.....-
8:1865.....-
7:1289.....-
6:847.....-
5:521.....-
4:293.....-
3:145.....-
2:59.....-
1:17.....0:1.
....1:-
7.....2:-
25.....3:-
71.....4:-
163.....5:-
319.....6:-
557.....7:-
895.....8:-
1351.....9:-
1943.....10:
-2689..... 

 

69 5**x Invalid  CRASH Here, the program 
crashes. Some 
validation is 
required to 
prevent this. 

 

 

Evidence for testing 
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If two operators are next to each, the program tries adding the “number” currently in strNum 
onto NumList even though there isn’t a number in it after the first operator as the last number 
will have been added onto NumList already. To prevent this from happening, more validation 
will be required. 

 

This is the extra validation code I added (apart from the last two lines, which are included in the 
screenshot to show the sequence of the new code in comparison to the old sequence). This part 
of the code ensures that there are no double operators (two operators next to each other). If 
there are, ParseX is halted and a message box is displayed. Also, the part of code that calls the 
ValidateExpression function has been moved from Opcode to ParseX so the message box is only 
displayed once, rather than for every value that needs to be processed. 

 

Test log 
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Test 
no 

Input Data Test type Expected 
outcome 

Actual 
Outcome 

Comment 

70 5**x Invalid Message 
box with 
the text 
"Invalid 
syntax: 
Can't have 
multiple 
operator 
signs next 
to each 
other" is 
displayed. 

Message 
box with 
the text 
"Invalid 
syntax: 
Can't have 
multiple 
operator 
signs next 
to each 
other" is 
displayed. 

 

71 3++x^2  Message 
box with 
the text 
"Invalid 
syntax: 
Can't have 
multiple 
operator 
signs next 
to each 
other" is 
displayed. 

Message 
box with 
the text 
"Invalid 
syntax: 
Can't have 
multiple 
operator 
signs next 
to each 
other" is 
displayed. 

 

72 x^^3 ++ x  Message 
box with 
the text 
"Invalid 
syntax: 
Can't have 
multiple 
operator 
signs next 
to each 
other" is 
displayed. 

Message 
box with 
the text 
"Invalid 
syntax: 
Can't have 
multiple 
operator 
signs next 
to each 
other" is 
displayed. 

 

73 3+-x  Message 
box with 
the text 
"Invalid 
syntax: 
Can't have 
multiple 
operator 
signs next 

Message 
box with 
the text 
"Invalid 
syntax: 
Can't have 
multiple 
operator 
signs next 
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to each 
other" is 
displayed. 

to each 
other" is 
displayed. 

74 3-^x  Message 
box with 
the text 
"Invalid 
syntax: 
Can't have 
multiple 
operator 
signs next 
to each 
other" is 
displayed. 

Message 
box with 
the text 
"Invalid 
syntax: 
Can't have 
multiple 
operator 
signs next 
to each 
other" is 
displayed. 

 

74 3-*x  Message 
box with 
the text 
"Invalid 
syntax: 
Can't have 
multiple 
operator 
signs next 
to each 
other" is 
displayed. 

Message 
box with 
the text 
"Invalid 
syntax: 
Can't have 
multiple 
operator 
signs next 
to each 
other" is 
displayed. 

 

75 5--9  Message 
box with 
the text 
"Invalid 
syntax: 
Can't have 
multiple 
operator 
signs next 
to each 
other" is 
displayed. 

Message 
box with 
the text 
"Invalid 
syntax: 
Can't have 
multiple 
operator 
signs next 
to each 
other" is 
displayed. 

 

 

Evidence for testing 
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Since the validation has now been done, I can now work on displaying the expression onto the 
graph. 

 

I changed the ParseX function to a procedure as instead of outputting the value, when x has 
been swapped out, it will be used to display the graph onto the form.. I haven’t changed much of 
the code in this method; all I’ve done is make it so instead of returning a value, it draws a graph 
onto the screen. 

 

Testing 

 

Test Input Data Test type Expected Actual Comment 



129 
 

no outcome Outcome 

76 5x^3+3x^4-2x+1 Typical Draws 
appropriate 
graph 

Draws 
appropriate 
graph 

 

77 -x+3 Typical Draws 
appropriate 
graph 

Draws 
appropriate 
graph 

 

78 -3-4x^2-5 Typical Draws 
appropriate 
graph 

Draws 
appropriate 
graph 

 

79 3x^3-9x^2+2 Typical Draws 
appropriate 
graph 

Draws 
appropriate 
graph 

 

80 5x^-1 Invalid Draws 
appropriate 
graph 

CRASH This means 
that inverse 
graphs cannot 
be displayed 
due on VB to 
their 
asymptote 
(where y = 
infinity when 
x=0), 
therefore I 
will need to 
disable them 
from being 
entered. 
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132 
 

 

 

I added some code to prevent the user entering inverse functions as the asymptotes they create 
cause the program to crash: 

 

This is code that I’ve added at the end of the ValidateExpressions function. It checks every “^” in 
the expression and if the character directly after is a “-”, it lets the user know in the form of a 
message box and false is returned which stops the execution of the ParseX function. This is 
enough to stop the processing of inverse functions. Here, the loop goes to Expression.Length - 2 
as the last digit of the expression will never be “^” as an operator requires a number on the 
right. Also, this helps prevent an out of bounds error as if it went to the last character, (i + 1) 
would not exist. 

 

Test log 

 

Test 
no 

Input Data Test type Expected 
outcome 

Actual 
Outcome 

Comment 

80 5x^-1 Typical Message box 
that 
displayed 
the text 
“"Invalid 
syntax: 

Message box 
that 
displayed 
the text 
“"Invalid 
syntax: 
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Cannot draw 
inverse 
graphs.". 

Cannot draw 
inverse 
graphs.". 

81 10x^10 Typical Draws 
appropriate 
graph 

Draws 
appropriate 
graph 

Y interval of 
2E+17 which 
is huge. 
Because of 
this, the shape 
of the graph is 
unrepresentat
ive of what it 
should be. 

82 15-10 Typical Draws 
appropriate 
graph 

Draws 
appropriate 
graph 

Since there 
are no x terms 
here, y is 
always equal 
to 5, so the 
graph is just a 
horizontal 
line. 
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The next part of the graph drawer is the derivative graph feature. 

 

 

This is the code I wrote to produce the derivative of the expression that is entered by the user. 
There were a few tests I made along the way and many errors that I have corrected already. 

Test log 
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Test 
no 

Input Data Test type Expected 
outcome 

Actual 
Outcome 

Comment 

83 x Typical 1x^0+0 1x^0+0 When 
operations 
take place the 
zeroes are 
ignored. 
These have no 
effect on the 
actual 
algorithm. 

84 x^2+3 Typical 2x^1+0 2x^1+0  

85 3x^4+4x^2-9x^3 Typical 12x^3+08x^
1+0-
27x^2+0 

12x^3+08x^
1+0-
27x^2+0 

 

86 -7-8x^2 Typical -16x^1+0 -16x^1+0  

87 3x^-4 Invalid -12x^-5+0 -12x^-5+0 Although the 
program 
didn’t find the 
error here, it 
will find it in 
the ParseX 
function when 
ValidateFunct
ions is called. 
Therefore this 
does not need 
to be done 
twice. 

 

Evidence for testing 
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I then made a few more changes to the ParseX subroutine so that it would output the derivative 
graph, as well as the main graph: 

 

 

Test log to test derivative graph 

 

Test 
no 

Input Data Test type Expected 
outcome 

Actual 
Outcome 

Comment 

88 5x^3+3x^4-2x+1 Typical Draws 
appropriate 
graphs 

Draws 
appropriate 
graphs 

 

89 -x+3 Typical Draws 
appropriate 
graphs 

Draws 
appropriate 
graphs 

 

90 -3-4x^2-5 Typical Draws 
appropriate 
graphs 

Draws 
appropriate 
graphs 

 

91 3x^3-9x^2+2 Typical Draws 
appropriate 
graphs 

Draws 
appropriate 
graphs 
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Test log to test objects in the graph drawer 

Test 
no 

Object 
Tested 

Input 
Data 

Test 
type 

Expected 
outcome 

Actual 
Outcome 

Comment 

92 Expression 
label 

N/A Typical Expression 
label is 
displayed. 

(Text: “y =”) 

Expression 
label is 
displayed. 

(Text: “y =”) 

User cannot 
interact with a 
label so no 
input data 

93 Expression 
textbox 

String Typical N/A N/A No outcome 
since string 
has not yet 
been 
processed. 

94 Plot button Click Typical Plots the 
graphs of the 
expression 
onto an axis. 

Plotted the 
graphs of the 
expression 
onto an axis. 

 

 

Adding more types of questions to the differentiation quiz 

At the moment, the differentiation quiz only has one type of question: the standard dy/dx of an 
expression. The two types of questions that I need to add are d2y/dx^2 and to find dy/dx at a 

certain point.  

I first decided to change the code and use the code used  
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Testing 

Since the expressions here are randomised, I am not using an index for testing as it would have 

been impossible for me to anticipate which expressions I would get in the design phase. 

 

Expression given My 
answer 

Expected 
outcome 

Actual 
Outcome 

Comment 

9x^2 + 8x^8 + 5 18x^1+64x
^7 

Answer is 
correct 

Answer is 
incorrect. 

This answer 
should be 
correct but 
the program 
deems it as 
incorrect, 
most likely 
because of the 
new code. 
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Due to this, I added a line of code that temporarily changes the title of the form to the derivative 

of the expression (calculated by the computer). This is just so I can see what the program wants 
from the user. I added this statement at the end of the CompareAns procedure. 

 

 

Testing 

Expression given My 
answer 

Expected 
outcome 

Actual 
Outcome 

Comment 

5x^6 + 4x^3 + 1 30x^5 + 
12x^2 

Answer is 
correct 

Answer is 
incorrect. 

This is 
because the 
program adds 
+0 to ensure 
that the next 
term can be 
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added onto 
the derivative 
string without 
any issues. 

 

 

This wasn’t an issue with the graph drawer as the user didn’t need to know the derivative. 

However, with the differentiation quiz, they do need to know it therefore the program needs to 
put a number into x, then find the derivative at that point. However, I’ll do this for many 

different numbers to ensure that the derivative gives a reliable answer. To do this, instead of 

recreating the code needed to find the answer, I used the code from the graph drawer: 
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Next, I made some adjustments to CompareAns() to make it suitable for this type of algorithm. 



149 
 

 

Testing 

Expression given My 
answer 

Expected 
outcome 

Actual 
Outcome 

Comment 

9x^3 + 8x^9 27x^2+72x
^8 

Answer is 
correct 

Crash Here, the 
program 
crashes 
because 
studentOutpu
t and 
correctOutput 
are too large. 
When x = 10, 
dy/dx = 
7200002700, 
which is 
larger than 
2147483647 
(the largest 
number an 
integer 
variable can 
store). 
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To fix this, I changed the data type of studentOutput and correctOutput from Integer to Long. 

 

This means that these variables use up double the amount of storage space. However, this isn’t 

too big of an issue as the program still executes the function almost instantaneously. This means 
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the variable is removed from the RAM very quickly as when using a function, the local variables 

are deleted from the memory when the function they’re part of has stopped executing. 

 

Testing 

Expression given My answer Expected 
outcome 

Actual 
Outcome 

Comment 

8x^3 + 2x^9 + 5 24x^2+18x^8 Answer is 
correct 

Answer is 
correct 

 

4x^7 + 7x^9 + 1 28x^6+63x^8 Answer is 
correct 

Answer is 
correct 

 

3x^6 + 2x^3 + 5 18x^5 + 6x^2 Answer is 
correct 

Answer is 
correct 

 

9x^5 + 1x^4 + 2 45x^4 + 4x^3 Answer is 
correct 

Answer is 
correct 

 

4x^8 + 3x^2 + 1 32x^7 + 6x Answer is 
correct 

Answer is 
correct 

 

2x^8 + 8x^4 + 8 2x^7 + 32x^3 Answer is 
incorrect 

Answer is 
incorrect 
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Adding more types of questions 

Now that the program is working without any issues, I can start adding different types of 
questions. The first type that I will add is “Find dy/dx when x = “. Questions 4 to 6 will be of this 

type. 

To do this, I first increased the size of the array by 1. 

 

The value at index 5 will be the x number to be used when differentiating. Eg. if 

expressionValues(6) = 7, the user will need to find dy/dx when x = 7. 

 

I added this line of code to the NewExpression function so that it can initialise the value in the 

array that will be used for the x term. 

 

This select statement will be used to update the label containing the expression. These are all 

the types of questions that the program will have. There should be no way for the user to get to 

the else statement, though I have put a statement in just in case this does happen, which lets the 

user know that the question is invalid. I have used a switch statement, rather than an if 

statement to avoid unnecessary nesting. 



156 
 

 

 

Here is the updated code for the CompareAns procedure. I also updated the font size of the 

expression so that the whole text can fit on the screen. 

 

Testing 

 

Expression given My answer Expected 
outcome 

Actual 
Outcome 

Comment 

Find dy/dx when  y = 
8x^5 + 4x^3 + 5 

40x^4+12x^2 Answer is 
correct 

Answer is 
correct 

 

Find dy/dx when  y = 
4x^5 + 2x^5 + 1 

20x^4+10x Answer is 
incorrect 

Answer is 
incorrect 

Actual answer 
= 
20x^4+10x^4 

Find dy/dx when  y = 
6x^4 + 2x^5 + 5 

24x^3 + 10x^4 Answer is 
correct 

Answer is 
correct 

 

Find dy/dx when x = 3 
when y = 9x^4 + 2x^2 
+ 2 

984 Answer is 
correct 

Answer is 
correct 

 

Find dy/dx when x = 3 
when y = 9x^4 + 5x^1 

977 Answer is Answer is  
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+ 5 correct correct 

Find dy/dx when x = 4 
when y = 5x^1 + 5x^3 
+ 4 

10 Answer is 
incorrect 

Answer is 
incorrect 

Actual answer 
= 344 

Find d2y/dx^2 when y 
= 8x^4 + 3x^4 + 1 

132x^2 Answer is 
correct 

Answer is 
correct 

 

Find d2y/dx^2 when y 
= 2x^4 + 5x^5 + 4 

24x^2 + 
100x^3 

Answer is 
correct 

Answer is 
correct 

 

Find d2y/dx^2 when y 
= 8x^1 + 1x^3 + 1 

8 + 3x^2 Answer is 
incorrect 

Answer is 
incorrect 

Actual answer 
= 6 

Find d2y/dx^2 when x 
= 4 when y = 6x^3 + 
5x^5 + 3 

    

 

Evidence for testing 
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Now that the differentiation quiz works properly, all that’s left is for it to stop the user from 

entering any invalid characters. At the moment, if the user enters an invalid character, this 
happens: 
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CheckCharacters is a function that checks to see if the answer that the user typed has any errors 

which could result in a crash. Here is the function. 

 

 

 

 

For the questions where the user needs to type out an expression, the program uses the same 
algorithm it used to see if the expression the user typed was valid in the graph drawer. Since I’ve 

already tested this, there won’t be much testing required here. Also, I have added a few lines at 

the top here to ensure that the characters the user types are valid. I’ve copied these lines of code 
into the ValidateExpression function in the graph drawer: 
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Testing 

 

Test no Input Data Test type Expected outcome Actual 
Outcome 

95 x++3 Invalid Message box 
displaying error 

Message box 
displaying 
error 

96 abc Invalid Message box 
displaying error 

Message box 
displaying 
error 

97 *x Invalid Message box 
displaying error 

Message box 
displaying 
error 

98 x* Invalid Message box 
displaying error 

Message box 
displaying 
error 

 

Evidence for testing 
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167 
 

Since the algorithm has been thoroughly tested already (in the graph drawer), I haven’t tested 

every error the student could come up with to save time. Since the differentiation quiz now uses 
almost the exact same code, it wasn’t necessary to do this. 

With this, the differentiation drawer has been completed. 

 

Login system 

Next, I started working on the login system. Form: 
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I then went to the Project page and changed the startup screen to the main menu. This is so the 

user has to log in when they first open the program. 
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Testing 

 

Test no Input Data Test type Expected outcome Actual 
Outcome 

99 Username: 
“eren”. 
Password: “u-
+>hg}LVbZ6'pg$
” 

Valid Takes the user to the 
main menu. 

Takes the 
user to the 
main menu. 

100 Username: 
“eran”. 
Password: “u-
+>hg}LVbZ6'pg$
” 

Valid Outputs a message 
box saying the details 
are incorrect. 

Outputs a 
message box 
saying the 
details are 
incorrect. 

101 Username: 
“eren”. 
Password: “u-
8+>hg}LVbZ6'pg
$” 

Valid Outputs a message 
box saying the details 
are incorrect. 

Outputs a 
message box 
saying the 
details are 
incorrect. 

102 Username: 
“eran”. 
Password: “u-
8+>hg}LVbZ6'pg
$” 

Valid Outputs a message 
box saying the details 
are incorrect. 

Outputs a 
message box 
saying the 
details are 
incorrect. 
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Since it worked as intended, I removed the message boxes telling the user that the database has 

been opened. The only message box displayed on screen now is the “invalid details” message 
box to let the user know that the details they entered are incorrect. 
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I added a line of code to the main menu form so that it closes the login screen form after the user 

closes the main menu form. This is different to what happens when the user closes the graph 
drawer, differentiation quiz or reports form (where the main menu is shown again). 

Next I made a stats form (for students to use, not Angela). 

 

This will not include any buttons as it will be read-only. This is because the user shouldn’t be 

able to change any of their details as then they may be able to exploit this by changing their high 
score or average score which would be unfair as this would be cheating. 

 

 

I have added a global variable (CurrentID) and a function (GetCurrentID) to frmLoginScreen. 

This allows the user’s ID to be accessed in other parts of the program (mainly in reports and the 

differentiation quiz).  Using getters (and setters) and an object-oriented programming 
technique, but it works here as there are multiple forms. 

 

Next I made some adjustments to the code for the reports button. Now, it checks the user’s ID 
and if it’s 1, it means that the user is an admin. If it’s anything else, it means the user is not an 
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admin. If the user is admin, it sends them to the view users form, and if the user is a student, it 

sends them to the view progress form. 

 

 

The difference between the view users and view progress form is frmViewUsers allows the 

admin to view the stats of every user whereas with frmViewProgress, the user can only see their 
own progress. 

 

Before adding any code to frmViewProgress, I altered frmViewUsers to make the reports form a 

little bit easier to use: 

 

All I’ve done here is put the code executed when the user clicks load into the procedure that’s 

executed when the form is first loaded. This means the database is automatically opened and 

the admin doesn’t have to click load, which may save some time. 

Before moving onto adding code to the differentiation quiz, I need to add a new field to tblUsers. 

This is required to calculate the user’s average score and this needs to be stored in the database. 
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I added a value for the number of quizzes for each user in the database. 

 

I then updated the reports form so that it also displays how many quizzes the user has taken. 
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Then I added this box to the stats menu that the students will see: 
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Here is the code for this form: 

 

The student only needs to see their own data therefore there are no buttons for them to scroll 

through. 

Testing 

 

In the differentiation quiz, I then added a new procedure called UpdateScore that just updates 

the user’s details in the database. 
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Updating the user’s scores on the database 

 

 

This is the users table before testing to see if the user’s details change. 

Here, I’m on Eren’s account. 
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When finishing the quiz, this is the message box I was greeted with. 

I then changed the UpdateScore code to: 

 



181 
 

 

 

Here is the change to the database after doing this. This also isn’t correct. Firstly, instead of 

changing Eren’s details, this has changed Riza’s. Secondly, it’s changed no of quizzes taken to 

(average score + 1), instead of (no of quizzes taken + 1). Thirdly, the average score is wrong as I 
forgot to add the current score on. 
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Before seeing if the improvements fixed this, I fixed the database and changed Riza’s scores to 

what they were previously. 

This time, I’m on Ethan Thomas’ account. 
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After getting 70% on Ethan’s account it changed average score to 2 and high score to 7. Here, I 

realised why the average score for Riza was incorrect the first time. Instead of adding 70, it just 
adds 7 respectively. The average score here changed because (0*2+7)/3 = 2.333333.  

 

To fix this, all I did was add a new variable (called scoreToStore) that was the user’s score, out 

of 10, multiplied by 10, so it worked as a percentage. 

I changed Ethan’s details on the database to what they were previously and ran the test on his 

account again. 
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I removed the line of code from the differentiation quiz that turns the title into the answer as 

this was just for testing, so that I could see what the output would be to ensure that the program 
was returning the correct answer. 
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The program has updated Ethan’s details correctly here. Average score = 12.5 but since it’s an 

integer, it’s fine to just be 12% in the database as we don’t need to be overly accurate for the 
score as they just give a rough indication of the user’s progress. 
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I then went to Ethan's stats and the scores were updated. One thing I noticed here, however, 

was that the username label showed the User ID. So I changed the text so that it said User ID. 

 

 

Help button 

The last thing I need to do in the development phase is add the help button. Since each form will 

have a different function, the code for the help button will always be different. 

Code 

Login screen: 

 

Main menu: 

 

Differentiation quiz: 

 

Graph drawer: 

 

Reports (student): 
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Reports (admin): 

 

 

Testing 

Login screen: 

 

Main menu: 

 

Differentiation quiz: 
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Graph drawer: 

 

Reports (student): 

 

Reports (admin): 
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Review of iteration 3 

Overall, iteration 3 went really well. I completed most of the specification points that were not 

dealt with in the first two iterations. About 75% of the specification points have been 

completed, with there being adequate reasons for the other 25% being left out. I was able to 

complete the graph drawer, differentiation quiz, reports screen and login screen in this 

iteration. As Microsoft Access and Visual Basic are both owned by Microsoft, I found them pretty 

easy to connect. I needed to use data from the database in the program or when the program 

had to send the user’s score in the differentiation quiz to update the user in the database. I think 

the biggest issue I encountered during this iteration (or during the whole of the development) 

was trying to make the parse tree suitable for all types of expressions. This is because of the way 
the syntax works in maths. As BIDMAS is very strict, if the user enters an expression, without 

brackets, the program needs to evaluate the expression in the order of BIDMAS, not linearly as 

this would produce the incorrect output. 

Since I spent so much time trying to perfect the differentiating and parse tree algorithm in the 

graph drawer, this made making the differentiation quiz much quicker. This was because I just 

copied the differentiation and syntax tree code into the form for the differentiation quiz and 

tweaked it to apply it for randomly generated questions. Spending too much time on the parse 

tree also meant I had less time to work on other things in the graph drawer. As a result, the user 

can only enter polynomials and can’t enter expressions containing exponentials or 

trigonometric functions. However, I don’t think this is too big of an issue as in maths, 70% of the 
expressions we deal with are polynomials so the program will cover most of the types of graphs 

we look  at  
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Evaluation 
Maintenance 

Maintenance is the last part of the Software Development Life Cycle. When thinking about 

software development, there are three types of maintenance: 

● Corrective - locating bugs in the completed solution. 

● Adaptive - adapting software to changes in the environment (eg. hardware or operating 

system). 

● Perfective - finding ways to improve a system by implementing new features. 

Corrective maintenance 

Corrective maintenanceis the most common type of maintenance associated with software 
development. Corrective maintenance addresses errors and faults in the software solution that 

could affect many different parts of the program (eg. design, logic, code, etc.). Usually, these 

changes are sprung by bug reports created by users. If a bug is found that has a serious effect on 
the usability of the program, actions are taken by the developers to restore the operation of the 

program. The approach in corrective maintenance is to locate the original specifications in order 

to determine what exactly the system was originally designed to do. However, due to pressure 
from management, the maintenance team sometimes resorts to emergency fixes known as 

patching. 

One of the errors in my program is that when the admin goes into the reports, they have to click 
next twice. 

This is the screen the admin sees after they click next once. They can still see the first user after 
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clicking next. This isn’t a huge issue and could likely be resolved in a short amount of time, but 

since it doesn’t hinder the use of the program too much, I have left it in the program. 

 

Angela will be able to contact me via email. This will allow me to make any fixes that either 

Angela or a student requires. This will allow corrective maintenance to always be occurring as 
long bugs keep being found. 

Specific features in the software already that will assist maintenance - easier to find bugs, add 

new features: 

Modular code - since each function isn’t too big and does a few specific things, it will be much 

easier to start developing the program again if I forget what some of the modules do as I won’t 

need to know how they work, I’ll just need to know what they do. 

Comments in code - comments explain what code does (either to me in case I’ve forgotten 

what the code does by the time I add new features or a new programmer). 

Design documentation - interfaces, algorithms, meaningful variable names 

Split backend and frontend (data independence) - split data and code so can change data on the 

backend and the code stays the same, vice versa. 

Constants - can’t accidentally change and can use anywhere 

 

Adaptive maintenance 

Adaptive maintenance is required when there are changes in the environment of the software. 
Adaptive maintenance can be required by changes to the operating system, hardware, software 

dependencies and even organizational business rules and policies. A limitation of my program is 

that it is only compatible with Windows since the machine code compiled by Visual Basic is only 
compatible with newer Windows operating systems. In the future, I could attempt to recreate 

the program in an alternative programming language (such as Java which is known for being 

platform independent). This would be much easier to do now and will take less time since I will 
have the general structure needed to create the program. Allowing the program to be run on 

different platforms would definitely bring more attention to the program; with how the system 

is at the moment, many students are unable to use the program at home since they don’t own 
any devices that use Windows and as a result, they are only able to use the program while they 

are in college. The two main desktop operating systems that my program does not support right 

now are macOS and Linux and Macs account for 10% of active personal computers, which is 
very significant. Additionally, I could create a version of the program for use on mobile phones, 

which would also allow more people to access the program from home as 95% of people in the 

UK use smartphones whereas only 81% of people in the UK use desktops or laptops. Most 
people carry their smartphones with them wherever they are, which would mean they can often 

use it when they don’t have access to a computer, even if they own a computer. Eg. when in the 

car (and not driving). If the program is being used more, corrective maintenance will be assisted 
as more users would be encountering bugs which can then be reported and fixed (most likely in 

patches). It could also help with users recommending features as more opinions can be obtained 

from users suggesting what they think the program is missing. Furthermore, the program can be 

published on the Google Play / App store if the application is to be made for use on mobile 

phones). This will allow the program to be a lot more accessible as some users may have 
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difficulty installing it from their browser since they’ll have to set up the program manually 

whereas programs installed from the Microsoft Store are set up automatically. Another 
advantage of publishing the program onto the Microsoft Store would be that users don’t need to 

manually install a new version of the program when updates are made. Instead, the program 

will automatically update whenever there are new versions (if the user has automatic updates 
enabled). Publishing programs onto the Microsoft Store would also mean the user has an easier 

way to give feedback in the form of reviews, where they can specify what they think the 

program does well and what they think the program may be missing. However, publishing the 
program onto the store would also mean users from other schools and colleges are able to use 

the application. I am not sure if this is okay and I would need to ask Angela to make sure. If this 

is okay, then I would allow users to create their own accounts and pick which school or college 
they go to (so their progress can be sent to the appropriate teachers). If Angela says that this is 

not okay and only users from Prior Pursglove College are allowed to use the program, users will 

not have the ability to register their own accounts. Instead, Angela will have access to a register 
feature which she can use to add any new users to the database, similar to how adding new 

users work on the college computers (admins create accounts for students). One final feature 

that I (or any developer wanting to continue the program) may add to the program is the ability 
for it to process trigonometric expressions. The program currently can only process 

polynomials (expressions where every term is in the form ‘x^n’ or a constant). The reason the 

current program cannot enter trigonometric functions already is because they work very 
differently to polynomials and it would take a lot of time to introduce a whole new equation 

processing algorithm. This would also be more complicated if the user is allowed to enter a half-

polynomial, half-trigonometric equation (such as 3x^2 + sin(5x)). The inclusion of trigonometric 
functions was not something mentioned in the interview which is another reason why I haven’t 

included it. 

 

 

Perfective maintenance 

Perfective maintenance refers to making the program compatible with newer versions of the 

software or hardware that the client may wish to use. This requires the developer to keep the 

coding up to date on new databases that the user may add or new software that is on the system 

or it could be to allow the program to be more user friendly with newer computers and laptops 
like touch screen computers and laptops. An example of perfective maintenance is that the user 

may install a newer, more-updated version of Microsoft Access which may require a different 

method to make the tables required for the program. Additionally, Microsoft may add newer 

features to make Access better performance-wise. Although, it isn’t essential to use these 

features, if the program is able to run with improved performance (eg. reduced execution time), 

the new features would be worth adding as some users may have slow computers, which 
struggle to run the program. Another example of Perfective maintenance would be if the user 

switched to an updated edition of Visual Basic. For my project, I used Visual Studio Express but 

if the user was using Visual Studio 2019, some features of my program may produce unexpected 
results for the user. This is because Microsoft may decide to change certain functions of the code 

in the newer versions. Due to this, if the college ever installs a newer version of Visual Studio 

that has issues with my program, I (or another developer), will need to adjust the code so that it 
runs with the newer version. 
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Reviewing the success criteria 

 

Criteria Outcome Evidence Comment 

1. I will need to 
ensure that the 

program is 

error free. 

Criteria partially 
met 

Development phase 
(pages 53-188) 

I used a test log to 
identify any errors in 
the program. Due to 
the infinite amount of 
input strings that the 
user is able to enter 
into the graph 
drawer, it is (close to) 
impossible to test 
every single string 
that may be entered 
by the user. Most 
strings that were 
causing the program 
to crash (or were 
behaving 
unexpectedly) have 
been dealt with and 
can now be entered, 
allowing either the 
correct graph to be 
displayed or 
outputting a message 
to the user, explaining 
why their expression 
cannot be entered. 
Since the program 
will be used by many 
people, bugs can be 
reported (by using 
the contact feature) 
to me and I can fix 
them as soon as 
possible, aiding 
corrective 
maintenance. This 
will allow the 
program to be closer 
(and eventually be) 
error-free. 

2. The menus 

must be user 

friendly so the 

Criteria met User questionnaire Having user friendly 

menus reduces the 

complexity of the 
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user is easily 

able to identify 
what each 

button is used 

for. 

program. While the 

user may be confused 
at some of the 

contents the program 

outputs, it  is 
essential for the 

program to have a 

suitable design so 
that they are not 

confused at the 

program itself. 
Additionally, if the 

program is difficult to 

use, the user may 
make errors when 

typing expressions in. 

This wouldn’t be an 
error of the code but 

the developer of the 

program would still 
be responsible for 

creating a difficult-to-

use interface. If the 
interface is complex 

and the user finds the 

program difficult to 
use, the student may 

decide to use a 

different program 
that they find is 

easier to use, or may 

decide to not do any 
revision at that 

moment in time. 

3. I must stick to 
one specific 

color scheme 

so that the 

program looks 

professional.  

Criteria met User questionnaire Since I stuck to one 
colour scheme for the 

whole program, it 

looks professional. If  

I had used different 

color schemes on 

each form, the 
program may have 

looked messy to the 

user. Although this 

wouldn’t make the 

program difficult to 

use, if the color 
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scheme is constantly 

changing, the user 
may get distracted 

and focus their 

attention on the 
changing color 

scheme, rather than 

the actual purpose of 
the program. 

Furthermore, I made 

sure that the color 
scheme was suitable 

for people with 

colorblindness so 
there can’t be any 

color combinations 

which is why I chose 
white and forest 

green. Since these 

colors contrast a lot, 
it will be completely 

fine for people with 

color blindness.  

4. The program 

must meet the 

user 

requirements. 

Criteria partially 
met 

User questionnaire The program met the 
requirements of the 
user as Angela was 
satisfied with the 
overall product, 
although she 
would’ve liked a few 
more features in it 
such as the ability to 
differentiate 
trigonometric / 
exponential functions 
and a zoom in/out 
feature for the graph. 

 

Usability testing 

 

Test no Form tested Usability feature Comment 

1 frmLoginScreen The user is told that 
they entered the 
incorrect details. 

If the user's login 
details aren’t 
incorrect, this means 
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that they are not 
found in the Access 
table which includes 
every student’s log-in 
details. This lets the 
user know that they 
have typed their 
details incorrectly.  

2 frmLoginScreen The user is able to 
login into the 
database. 

The submit button 
will show the main 
menu if the details 
that the user enters 
are correct, this 
means that the 
combination of the 
username and 
password was found 
in the database. This 
is crucial since it 
allows the other 
forms to be accessible 
to the user. 

3 frmMainMenu The user is able to go 
to the differentiation 
quiz / graph drawer / 
reports. 

By clicking on any of 
the buttons, the user 
is able to easily go to 
any of the forms they 
wish to go to. If the 
user is an admin, the 
report button takes 
them to the 
ViewUsers form. If 
they’re a student, it 
takes them to the 
ViewProgress form. 
This is because 
students don’t need 
to see the stats of 
everyone else, they 
just need to see their 
own. If students were 
allowed to see 
everyone’s data, this 
may be difficult for 
them as usually, 
they’ll be trying to 
find their own data. 
With a lot of users in 
the database, it may 
get very difficult for 
the user to find their 
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data by continually 
clicking next. 

4 frmDifferentiationQuiz Text on the buttons 
that says what the 
button does. 

The text explains the 
function of each 
button to the user. 
Without the text, it 
would be very 
difficult to use the 
form as the user 
would be guessing 
which button to click, 
and would have to 
memorise the 
function based on just 
the button’s location. 
Although this 
wouldn’t be too 
difficult as the 
buttons are always in 
the same position, it 
would make the 
program much more 
difficult to use. 

5 frmDifferentiationQuiz Question number The question number 
tells the user which 
question is on. This is 
essential as without 
it, the user wouldn’t 
know which question 
they’re on, which may 
demotivate them to 
get to the end of the 
quiz as knowing 
which question you 
are on lets you know 
how far away you are 
from completion. This 
also saves the user 
from manually 
remembering which 
question they are on. 

6 frmGraphDrawer The user is told if 
they enter invalid 
characters. 

If the user enters 
invalid characters as 
an expression, 
instead of trying to 
process these like 
they’re an actual 
mathematical 
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equation, the 
program scans the 
text and lets the user 
know that they have 
entered invalid 
characters and allows 
them to change their 
expression. 

7 frmViewUsers The program loads 
the data from the 
database. 

Since the program 
automatically loads 
the data from the 
database, the user 
doesn’t have to do 
this which makes this 
form easier to use for 
them as they may not 
know that they have 
to click a button to 
load the data from the 
database. This 
happens as the Access 
to Visual Basic code is 
in the 
frmViewUsers_Load 
procedure, rather 
than a separate 
button used to load 
the information. 

8 frmViewUsers Buttons to navigate 
through users 

This form has four 
buttons. The previous 
and next buttons are 
so they move in the 
order of the users in 
the database. The 
first and last buttons 
allow the user to 
quickly go to position 
1 or the final position 
in the database 
respectively. This is 
better than just 
having previous and 
next buttons as if the 
user is at the start of 
the database, they 
don’t have to keep 
clicking next to get to 
the end users, instead 
they can just click last 
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and go backwards. 

9 Every form Help button is always 
in the same location. 

Having the help 
button always appear 
at the bottom left of 
the form makes it 
much easier for the 
user to memorise its 
location, since they 
know where to look. 

10 Every form Title is always in the 
same location. 

Having the title 
always appear at the 
top of the form makes 
it much easier for the 
user to memorise its 
location, since they 
know where to look. 
The title concisely 
summarises the role 
of each form, so the 
user knows which 
form they’re on.  

 

 

Evidence for testing 

1 
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2 / 3 
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(For test 2, there isn’t much to show here as the program goes straight to the main menu after 
correct details have been submitted). 

4 

 

5 
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6 
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7 / 8 

 

9 



204 
 

 

10 
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Limitations 

Firstly, the program can only be run on newer versions of Windows - Windows Vista, Windows 

7, Windows 8, Windows 8.1, and Windows 10. This is because Visual Basic uses a compiler 
which is only compatible with newer Windows operating systems. I needed to use Visual Basic 

due to the fact that the computers at Prior Pursglove all use Windows 10. I know some people 

bring Macbooks to college but they are able to use the college computers in the library at any 
time. Additionally, Angela also uses a college computer so if she would like to use the program 

during a lesson, she would have no problems about this. I understand that people with Macs at 

home may want to use the program and I do think it would be beneficial for them to be able to 
download the program at home. However Visual Basic doesn’t allow for this unfortunately and 

compared to other programming languages, it can be used to make forms really well as the 

interface is very user-friendly which is why I stuck with it. Furthermore, students will not be 
able to download the program on their mobile phones. My program uses a decent amount of 

storage and mobile phones have very limited storage capacities in comparison to desktop 

computers. If I made it for phones too, I would most likely need to use a large amount of 

compression to get the file size down to below 1GB. In addition, mobile phone’s generally have 

less memory and the mobile CPUs consume a lot less power, leading to a slower clock speed. 
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Also, just like with Macs, Visual Basic isn’t suitable for mobile phones and I would most likely 

need to use a different language such as C# or Swift. Since I’ve never used these programming 
languages before, I would need to do some research before I were to start programming using 

them. From what I’ve seen C# isn’t too much different from Visual Basic so using it to allow the 

program to be accessible to Mac users may not be too much trouble. 

Another feature that my program lacks is the ability to differentiate complex expressions. This 

will mean that in the differentiating quiz part of the program, the user will never be asked to 

differentiate complex expressions which require the use of the chain, product or quotient rule. It 
would be a very beneficial feature to have as these are often the types of questions students are 

asked in the exams. However, my program will only be testing the user’s ability to apply the 

fundamental differential rules onto the expressions, not test the user on difficult exam 
questions. Of course, there is a moderate amount of difficulty with the questions as some 

questions ask for the derivative at a particular point, and some even ask for the second 

derivative at a certain point. If I were to include complex equations that require the product, 

chain or quotient rule, the program would take up more storage (to store the method for each 

rule) and would take a longer amount of time to differentiate them. Some newer systems may 

be unaffected because if the user has a CPU with a very fast clock speed, it may still only take a 
few milliseconds. However, this will certainly be more resource intensive and some lower end 

systems may take too long to apply these complex rules to the expressions. To exclude the input 

of complex expressions in the graph drawer, the user is unable to enter an expression that uses 
the ‘/’ character, so that they can’t have a denominator with x, as well as a numerator with x. 

This will also mean that the user is unable to type in reciprocals. In the future, I could allow the 

functionality to differentiate expressions that require the use of the chain, product or quotient 
rule. I could do this by creating three new functions (for each rule respectively) and before the 

function is called, another algorithm could be used to identify which rule is required to 

differentiate the expression entered by the user. 

Another limitation to my program is that the differentiation quiz never asks the user to 

differentiate exponentials or logarithms. Originally, I planned on having these alongside the 

normal polynomial differentiation however I ran into errors that took a long time to resolve. 
The biggest problem I ran into was getting the syntax tree to work. Since the program needs to 

parse the user’s expression in BIDMAS order, a parse tree was required to evaluate the user’s 

expression. The original parse tree algorithm from the design phase was not suitable in the 

program as it produced the incorrect output when there was a positive term followed by a 

negative x term. Creating a completely new algorithm for the parse tree took much more time 

than I anticipated which didn’t leave me with enough time to create the algorithm to allow the 
user to enter more complex expressions which involve trigonometry and exponentials. Since I 

already planned for the program to differentiate these types of expressions, I don’t think it 

would be too difficult for the program to do this in the future. I would have to create two more 

functions (for trigonometric and exponential functions respectively). The program would use an 

if statement and if a trigonometric or exponential function is found, the program would call the 

function to differentiate it. This would be done before the program starts using BIDMAS to 
differentiate the polynomial parts of the expression correctly. 

Unmet specification points 

6. My program did not format inputs from the user. This means that expressions are a bit more 

difficult to read than they could’ve been. An unformatted expression may lead to some 

confusion as some symbols used on a computer can be different to their mathematical 
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counterparts. However, since the user can’t square root and usually does not need to enter 

symbols (other than ‘^’ which they may not know means indices), this shouldn’t be a huge issue. 

7. My program did not output the correct methods for differentiation to the user if they got a 

question incorrect. This would’ve been redundant as the user can click the hint button any time 

which gives them the general differentiation formula. 

9. My program did not include an onscreen keyboard that has specific symbols like square root 

and fractions. I didn’t need this as the user can’t enter square roots and functions. The main 

reason for this is due to the fact that I ran out of time creating a new parse tree algorithm, I 

didn’t have enough time to let the program process symbols such as square roots and fractions. 

11. The graph drawer did not include a zoom in/out feature. This is the most important feature 

that I missed out in my opinion therefore if I ever go to add more features to the program, a 
zoom in/out feature will definitely be one of, if not, the first things I will add to the program. 

12. The graph drawer did not suitably scale the axis, making the graph more readable for the 

user. This point is very similar to point 11 as they both aim to make the graphs more easier to 
understand for the user. Therefore, if I go to add a zoom in/out feature, I will make it so the 

graph is automatically made suitable at the start, when the plot button is clicked.  

Since only 5 out of the 15 points were missed out, I would say that the program was a huge 
success as the most important specification points have been dealt with. 

User questionnaire (completed by end user) 

Statement Strongly 
agree 

Agree Disagree Strongly 
disagree 

Comment 

I am satisfied 
with the 
overall 
product 

✔     

I would 
frequently 
use the 
program 
while 
teaching 

 ✔   A few times a 
week, when 
working with 
graphs. The 
program is 
really good 
for its first 
release. 

I found the 
menus easy 
to use 

✔    Everything 
was labelled 
well and I 
didn’t need to 
click on too 
many buttons 
to get where I 
wanted. 
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There are no 
issues with 
the color 
scheme 

✔    The only 
colours used 
were dark 
green, black 
which is a 
completely 
fine 
combination 
for students 
with color 
blindness. 

My students 
will benefit 
from the 
application. 

✔    Since 
questions 
4,5,6 and 10 
on the quiz 
are similar to 
the questions 
students get 
in the exam, 
this will be 
great practice 
for them. 

I think that 
the 
differentiatio
n questions 
are of the 
right 
difficulty 

 ✔   It would’ve 
been good if 
there were 
some 
expressions 
that were 
more 
complex, 
where maybe 
the student 
would have 
to use the 
chain or 
product rule. 
But since 
there are 
different 
types of 
questions, I 
think the quiz 
is just tough 
enough to be 
appropriate 
for students. 

The program 
improves 

  ✔  I don’t think 
the 
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upon similar 
software. 

differentiatio
n quiz 
program is as 
good as some 
other 
quizzing 
applications. 
Additionally, 
I use 
Autograph at 
the moment 
to draw 
graphs and 
although it 
can’t output 
the graph of 
the 
derivative, it 
can output 
trigonometri
c and 
exponential 
graphs which 
I feel is also 
very 
important. 

Have you found anything that the program is missing or anything the program could use to 

improve it? 

The quiz needs more types of terms, so exponentials, logarithms, trigonometric, etc. Also, the 
graph drawer should have a zoom feature as at the moment, it is difficult to tell where certain 

points on the graph are, such as the x and y intercepts, and the stationary points. 

 

Post development user walkthrough testing 

Task Completed Partially 
completed 

Not achieved User comment 

1. Start up the 
system. Login 
screen appears. 

✔    

2. Login with a 
correct user ID 
and password. 
Main menu 
appears. 

✔    

3. Open the 
graph drawer 
from the main 
menu. Graph 
drawer appears. 

✔    
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4. Enter an 
expression and 
click the plot 
button. Graph 
appears. 

✔    

5. Click x to 
close the graph 
drawer. Main 
menu appears. 

 ✔  When exiting 
the graph 
drawer, the x 
button has to be 
pressed to 
return to the 
main menu. It 
would be easier 
to use if there 
was a main 
menu button as 
it isn’t too 
obvious that the 
x button will 
return the user 
to the main 
menu instead of 
closing the 
program. 

6. Open the 
differentiation 
quiz from the 
main menu. 
Differentiation 
quiz appears. 

✔    

7. Enter your 
answer and click 
next. Next 
question 
appears. 

✔    

8. When the quiz 
is finished, click 
x. Main menu 
appears. 

 ✔  When exiting 
the 
differentiation 
quiz, the x 
button has to be 
pressed to 
return to the 
main menu. It 
would be easier 
to use if there 
was a main 
menu button as 
it isn’t too 
obvious that the 
x button will 
return the user 
to the main 
menu instead of 
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closing the 
program. 

7. Open the 
reports from the 
main menu. 
Reports form 
appears. 

✔    

8. Click the 
navigation 
buttons to 
search through 
the users. 
Different users’ 
stats appear 
depending on 
the button 
clicked. 

✔    

9. Click the x 
button. Main 
menu appears. 

 ✔  When exiting 
the reports 
form, the x 
button has to be 
pressed to 
return to the 
main menu. It 
would be easier 
to use if there 
was a main 
menu button as 
it isn’t too 
obvious that the 
x button will 
return the user 
to the main 
menu instead of 
closing the 
program. 

10. Click the x 
button. Program 
closes. 

✔    

 

Conclusion of user walkthrough testing 

The main piece of information the user walkthrough testing provided me with was the fact that 

it can be confusing to the user how to return to the main menu. I think this makes sense as it 
isn’t too obvious that the ‘x’ button at the top right of the window will return them to the menu, 

instead of close the program like it usually would with other programs. I previously thought I 

that the first thing I would add when adding more to the program would be the zoom in/out 
feature when the user is looking at the graph. However, after this, I think I would definitely add 

Main Menu buttons to each form first. This is because this would be very easy to add and would 

improve user satisfaction since they would be less confused. 
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Working With Controls: List Box, Buttons 
 
A list box can be used when you want to select one or more items from a list. 
Like all Visual Basic interface objects, they are commonly used in MS Windows. 
Many of the stages in the Access Wizards use list boxes. 
 
When you load up Visual Studio you will see: 
 

 
 
• Select New Project. 
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• Change the name of the project to List Box. 
• Select OK. 
 
The project interface will open: 
 

 
 
 
 
 

Project 
Browser 

Properties 
Window 

Tool Box 
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The interface and the properties of the controls 
 
Below is an interface which has been developed: 
 

 
 
The code 
 

 
 
 
Any of the properties of the Form can be changed. 
 
• Change the Text property of the form to Country List (under Font), and note 
the result on the form. 
 
The Tool Box is on the left hand side of the screen. This enables you to add 
objects to the Form window.  
 

Tool Box 

Properties 

Code window for main form 
(double click on any control to 

access this) 
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Use the tool box to put a Text Box, three Buttons, and a List Box on the screen 
so that it looks like the one below: 
 

 
 
    
If you select any of the controls you have added, you will see the Properties Box 
change to the properties for the selected control. 
 
• Set the properties of the controls as shown below: 
 
Control Property Property Setting 
Text Box Name txtCountry 

Blank (delete Text1) Text 
Button Name btnAdd 

Add Text 
Button Name btnDelete 

Delete Text 
Button Name btnClear 

Clear Text 
List Box Name 

 
lstCountries 
 
True 
 
Spain 
USA 
Austria 

Sorted 
 
Items 

Text box 

Buttons 

List Box 
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When you enter the list of items for the list box (click the Build button), you will 
see the Dialogue Box below: 
 

 
 
Your Form should now look like: 
 



A-Level Computing 2019  VB (2012) Exercise 1: List Box 

 6 

 
 
 
 
Coding 
 
Each of the controls you have placed on the form has code attached to it. By 
double clicking on the control, you can view the associated code window. 
 
• Double click the Add Command Button. You will see the following code  
window: 

 
 
You need to know what this code means. Some of the terms may not be familiar 
to you at this stage. 
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Private Sub btnAdd_Click() ‘Private’ means that the code for this command 

button can only be used in this form 
 ‘Sub’ means Sub Routine. This just means 

that the code is a self contained set of 
instructions attached to the command button. 

  
End Sub This shows the end of this sub routine. 
  
 
• Click on Start in the menu. 
 

 
 
Your program is now running, and waiting for an Event i.e. it is waiting for some  
input. 
 

 
 
• Click on the Add button. Then on the Delete and Clear buttons.  
 
Nothing happens, because we have not added any code.  
 
• Click on Exit (the X on the form) to stop the program. 
• Double click on the Add Command Button to reopen its code window. 
• Complete the code for the command button as shown below. As you type, you 
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will see little help boxes pop up. These are designed to help the beginning 
programmer. For the moment, you can just ignore them and keep typing. 
Indentation of the code is very important. 
 
Public Class Form1 
 
    Private Sub btnAdd_Click(sender As Object, e As EventArgs) Handles 
btnAdd.Click 
        lstCountries.Items.Add(txtCountry.Text)     'add contents of text 
                'box to list box display 
        txtCountry.Text = ""           'clear the text box 
        txtCountry.Focus()          'put cursor in text box ready for next country 
 
    End Sub 
End Class 
 
The sentences which follow the apostrophes (‘), are comments. They are not part 
of the code, but are put in by the programmer to help explain what the code is 
doing. Make sure you understand the code before you carry on. 
 
The first line adds an item to the list box you have called lstCountries. The item 
to be added, is whatever is in the text box you have called txtCountry. The 
second line clears the text box, because there is nothing in between the 
quotation marks. This means that the box is ‘blanked’ ready to receive another 
entry. The third line makes sure that the cursor is put back into the text box. 
 
• Press F5 to run the program.  
• Enter a country in the text box, and then click Add. 
 
If you made any errors in the typing you will get the following message: 
 

 
 
• Click No. 
 
In the Error List at the bottom of the screen you will see where the errors are. 
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In the code above, the name of the List Box has been misspelled. This can be 
put right in the code and the program can be run. 
 
• Try to correct all your code errors and run the program. 
 

 
 
• Place the cursor in the text box, and type Thailand into the box.  
• Click on the Add button.  
 
You will see that Thailand is added in its correct place, and the text box is 
cleared ready for its next entry.  
 
• Type Argentina into the Text Box, and click Add. 
• Try clicking on Delete and Clear.  
 
Still nothing happens with these buttons, because there is no code attached. 
 
• Close the program (stop it running). 
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• Open the Code window for the Delete command button. Enter the code shown 
below: 
 
Private Sub btnDelete_Click(sender As Object, e As EventArgs) Handles 
btnDelete.Click 
        lstCountries.Items.RemoveAt(lstCountries.SelectedIndex) 
        'delete selected item from 
        'list of displayed items 
    End Sub 
• Run the program again, and add Thailand. 
• Highlight any country in the List Box, and click Delete.  
 
If you have made no errors in your code, everything should be working. 
 
Note: the program will probably stop running and you will get an error message if 
you didn’t select an item before you pressed Delete 
 

 
 
This error is basically telling you that the program has crashed because it can’t 
find an item to remove. 
 
• If this happens, press Break and then on the menu Stop Debugging 
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• You can correct this error by adjusting your code as shown below: 
 
If lstCountries.SelectedIndex <> -1 Then    'ensures that an items is selected 
            lstCountries.Items.RemoveAt(lstCountries.SelectedIndex) 
        Else : MsgBox("Select an item") 
        End If 
 
• Now put the following code into the Code window for the Clear button. 
 
  Private Sub btnClear_Click(sender As Object, e As EventArgs) Handles 
btnClear.Click 
        lstCountries.Items.Clear() 'delete all items displayed in list box 
    End Sub 
 
• Run your program, experimenting with all the Command Buttons. If you fill the 
List Box, a scroll bar will be added automatically. 
 
Extension exercises 
 
Try testing the program by doing the following: 
 
1. Make sure that there is nothing in the text box and click Add 
 
You can correct this error by adjusting the code to include an IF statement: 
 
 
Private Sub btnAdd_Click(sender As Object, e As EventArgs) Handles btnAdd.Click 
        If txtCountry.Text <> "" Then 
            lstCountries.Items.Add(txtCountry.Text)     'add contents of text 
            'box to list box display 
             
        End If 
   txtCountry.Text = ""           'clear the text box 
             txtCountry.Focus()    'put cursor in text box ready for next country 
 
    End Sub  
 
Test the code again, and you should see that nothing happens if you try to add 
the blank 
 
2. Now put some blank spaces in the text box and click Add. Try to correct this 
error by adding to the code you have (don’t worry if you can’t get it completely 
right, as long as you tried).  
 
Here is one way to stop a single blank space being added: 
 
If txtCountry.Text <> "" And txtCountry.Text <> " " Then 
 
You can find how to check if a piece of text contains a blank at: 
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http://vb.net-informations.com/string/vb.net_String_Contains.htm  
 
3. Type the name of a country into the text box which is already in the list and 
click Add. Try to correct the code. 
 
You can find how to check the contents of a list box at: 
http://vb.net-informations.com/string/vb.net_String_Contains.htm  
 
4. Type some countries into the text box which only differ by having upper and 
lower case letters at the start e.g. add Austria. Click Add. Try to correct this error. 
How to convert to title case: 
 
https://support.microsoft.com/en-us/help/312897/how-to-convert-string-to-
lowercase,-uppercase,-or-title-proper-case-by-using-visual-basic-.net-or-visual-
basic-2005 
 
5. Try to add another text box and adjust the code in the Add button so that it 
adds both the first and the second text box to the list 
 
6. Save, and close the project. 
 

http://vb.net-informations.com/string/vb.net_String_Contains.htm
http://vb.net-informations.com/string/vb.net_String_Contains.htm
https://support.microsoft.com/en-us/help/312897/how-to-convert-string-to-lowercase,-uppercase,-or-title-proper-case-by-using-visual-basic-.net-or-visual-basic-2005
https://support.microsoft.com/en-us/help/312897/how-to-convert-string-to-lowercase,-uppercase,-or-title-proper-case-by-using-visual-basic-.net-or-visual-basic-2005
https://support.microsoft.com/en-us/help/312897/how-to-convert-string-to-lowercase,-uppercase,-or-title-proper-case-by-using-visual-basic-.net-or-visual-basic-2005
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Visual Basic Controls  
Labels, Text Boxes and Buttons: Setting Properties and Adding 

Code 
 
Pressure Tester 
 
Open Visual Basic from Windows > Visual Studio, and create a new project. You 
can call it Pressure Tester. 
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Below is an interface which has been developed: 
  

 
 
 
 
 
 

Properties 

Main Form 

Tool Box 

Tool Box 

Properties 
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• The tool box can be opened from the left hand side of the workspace 
 

 
 
• Place a label and button on the form as shown below: 
 

Code window for main form 
(double click on any control to 

access this) 
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• Set the properties of the controls as shown below (select each of the controls. 
The properties window is bottom right): 
 
Control Property Property Setting 
Form 
 

Text 
Backcolor 

Pressure Tester 
Choose a colour from the palette 

Label Name 
BackColor 
Forecolor 
Text 
Font 
Border Style 

lblPressure 
Choose a colour from the palette 
   “           “             “          “        “ 
Pressure Tester 
Bold, 18pt 
Fixed Single 

Button Name 
Text 

btnTester 
Click 

 
• Insert the following code for btnTester (double click the control to open the 
code window). 
 
Public Class Form1 
 
    Private Sub btnTester_Click(sender As Object, e As EventArgs) Handles 
btnTester.Click 
        lblPressure.Text = "Ouch!" 
        MsgBox("Not That Hard!") 
        lblPressure.Text = "Pressure Tester" 
    End Sub 
End Class 
 
• Run the program (F5), click the button. 
 

Label 

Button 

Backcolor = pale blue 
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• You may want to save the project, although it is very basic and there is 
probably no need.  
 
Good Evening 
 
• Click on File > Close Solution to get rid of the Pressure Tester program. 
• Create a new project, call it Greetings 
 
You are going to create a Form like the one below. 
 

 
 
• Change the Text on the form to Good *Something*! 

Three Labels, on top of 
each other 

Radio Buttons 
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• Set the BackColor of the Form to something pale from the palette. 
• Add three labels to the Form, all the same size. You will need to set Autosize 
(in the properties window) to False to resize the labels.  
• Name the labels lblMorning, lblAfternoon and lblEvening. 
• Set the BackColor property of the labels so that they are all different colours, 
and different from the BackColor of the Form. 
• Set the label texts to Good Morning! Good Afternoon! and Good Evening! 
respectively. 
• Embolden and increase the font size on all three labels. Centre the text 
(TextAlign) 
• Place the three labels, one on top of the other, at the top of the Form. 
• Set the Visible properties of all the labels to False. 
• Add a set of three Radio Buttons from the tool box.  
• Give the Radio Buttons the text 7am – midday, midday – 5pm and 5pm – 7am.  
• Give the Radio Buttons the names radMorn, radAft, radEve. 
 
The idea now is that the user will click on any of the three radio buttons, and be 
given the appropriate greeting i.e. Good Morning! for 7am – midday and so on. 
 
When the user clicks on the 7am – midday option, the Visible property of 
lblMorning is set to True, and the Visible property of the other two labels is set 
to False. Here is the code to add to radMorn: 
 
Private Sub radMorn_CheckedChanged(sender As Object, e As EventArgs) Handles 
radMorn.CheckedChanged 
        lblMorning.Visible = True 
        lblAfternoon.Visible = False 
        lblEvening.Visible = False 
    End Sub 
 
• Insert the code and run the program. 
• Click on the 7am – midday option, to check that everything is working. 
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You may find that radMorn is checked as soon as the program starts up, in which 
case the label Good Morning will already be showing. To avoid this, you’ll need 
to increase the number on the TabIndex property. 
 
• Add the code for the other Option Buttons. 
• Test the program. 
 
You will find that one of the radio buttons is already selected, so there is always a 
greeting showing when the program is run. You can get around this by changing 
the Enabled properties of all the radio buttons to False. You will need to add a 
new Button which enables the radio buttons. Code to enable the radio buttons 
will need to be added to this. 
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• Save the Project if you wish, and close it.  
 
Extension Exercises 
 
1   Create an interface as shown below (two Buttons and a Label).  
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Here are the control Properties: 
 

Object Property Setting 
Form Text Moody Face 
Label Name 

Font 
text 

lblFace 
WingDings, 24pt 
K 

Button Name 
Text 

btnSmile 
Smile 

Button Name 
Text 

btnFrown 
Frown 

 
Now add code so that, when one of the Buttons is pressed, the face should turn 
to either a smile or a frown. You will need to add code to both Buttons so that, 
when they are clicked, they change the text of lblFace. You will need to find 
which letters in WingDings correspond to a smile and a frown 
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2   The colour property of objects can be set at run time, just like you’ve been 
changing the other properties of objects by clicking on buttons and radio buttons. 
This just means that colours can be changed as the program is running. The way 
to do this is, for example, to say, in the code of a Button: 
 
picBox.Backcolor = Yellow 
 
This will set the background of the object picBox to yellow when the Button is 
clicked. Other common colours are: 
 
Black, Red, Green, Blue, Magenta, Cyan, White. 
 
• Create an interface with two labels, four buttons, and one text box as shown 
below. We will change the properties in a moment. 
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• Now set the properties of the Red Button as follows: 
 
Name   btnRed 
Text   &Red 
 
Note the effect of setting the yext to &Red. The R is underlined, and this means 
that the user can type in <Alt> R rather than having to click the command button. 
 
• Set the properties of the other Buttons as: 
 
Name  btnBlue  btnWhite  btnYellow 
Text  &Blue   &White  &Yellow 
 
• Set the rest of the properties of the other objects as follows: 
 
 

Object Property Setting 
Form Text Colourful Form 
Label Name 

Text 
Alignment 
Font 

lblBack 
Background 
Centre 
Bold 

Label Name 
Text 
Alignment 
Font 

lblFore 
Foreground 
Centre 
Bold 

Text Box Name 
Text 
Alignment 

TxtShow 
Rainbow Form 
Centre 
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Font Bold, 14pt 
 
Now add code to each of the Buttons so that when it is either clicked, or the 
appropriate letter is typed, it will set the foreground or background property of the 
text box. 
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Controls: Scroll Bars, Timer Control 
 
 
The following exercise illustrates the use of scroll bars. 
 
• Open a new Project from Visual Studio. 
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Here is a program under development: 
 

  
 

Properties 

Main Form 

Tool Box 
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• Note the positions of the Tool Box (from which you can add controls) and the 
Properties box (which will alter the appearance of the controls. It may be easier if 
you arrange the Properties in alphabetical order.) 
• Change the Text of the Form to Moving Smiley.  
• Change the BackColor of the form to a pale colour 
• Add a horizontal scroll bar (HScrollBar) across the top of the Form and a 
vertical scroll bar (VScrollBar) down the right hand side of the Form. 
 
If you can’t find these on your Toolbox, you may need to search for them: 
 

 
 
• Put a label on the top left of the Form, below the scroll bar. 
• Set the properties of the objects as shown below. 
 
 
Object Property Setting 
Horizontal Scroll Bar Minimum 

Maximum 
SmallChange 
LargeChange 
Value 

0 
300 
15 
75 
0 

Code window for main form 
(double click on any control to 

access this) 
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Vertical Scroll Bar Min 
Max 
SmallChange 
LargeChange 
Value 

35 
300 
25 
25 
35 

Label Name 
Alignment 
Font 
BackColor 
Text 
Location 

lblSmile 
Centre 
WingDings, 24pt 
Something Bright 
J 
0, 50 

 
The values for the SmallChange property is how much the indicator will move 
when the bar itself is clicked and LargeChange is how much the indicator will 
move when one of the arrows is clicked. The Min and Max values set the values 
at the start and end of the scroll bars.  
 
The horizontal scroll bar has a min of 0 and a max of 300. It therefore has a 
range of 300. The small change is 15, so it takes 20 steps to get from one end of 
the bar to the other. 
 
The Form should now look like: 
 

 
 
• Press F5 to run the project and test out the scroll bars. They don’t do anything 
at the moment because no code has been added. 
• Close the program (the Exit button top right) 
• Double click the horizontal bar to view the Code window, and add the following 
line to the sub procedure: 
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Private Sub HScrollBar1_Scroll(sender As Object, e As ScrollEventArgs) Handles 
HScrollBar1.Scroll 
        lblSmile.Left = HScrollBar1.Value 
    End Sub 
 
• Double click the vertical bar to view the Code window, and add the following 
line to the sub procedure: 
 
Private Sub VScrollBar1_Scroll(sender As Object, e As ScrollEventArgs) Handles 
VScrollBar1.Scroll 
        lblSmile.Top = VScrollBar1.Value 
    End Sub 
 
• Press F5 to run and test the program. 
 
Note: Depending on the width and height of your form you may need to alter the 
maximum values of the horizontal and vertical scroll bars. Otherwise your smiley 
may disappear off screen when you move the scroll bars to their maximum 
values. 
 
• Save the project. 
 
Exercises 
 
 1   Can you add a sad face below the smiley, and make the sad one move when 
the smiley one moves? The sad face should always be below the smiley. The 
Left property of the two labels is the same, but the Top property of the sad label 
must be set to greater than the Smile label. 
 

 
 
 2   Now can you alter the program so that the sad face starts on the bottom right, 
and moves in the opposite direction to the smiley, both horizontally and 
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vertically? For the sad face, you will need to subtract the values of the horizontal 
and vertical scroll bars from a fixed value. 
 

 
 
 
Using Scroll Bars to Alter the Colour of the Form 
 
All colours, as you probably know, are made up of some mixture of red, green 
and blue light (it’s different with paints, where they are made up of red, green and 
yellow). 
 
If a form’s Backcolor property is set to: 
 
 Me.BackColor = Color.FromArgb (255,0,0) 
 
Then the form is entirely red. There’s a value of 255 for the red and nothing for 
green and blue. 
 
 Me.BackColor = Color.FromArgb (0,255,0) 
 
makes the form entirely green. 
 
By placing three scroll bars on the form, each of which controls the amount of a 
different colour, we can vary the colour of the form. 
 
• Open a new project and set the Form’s Text to Chameleon. 
• Place three labels and three horizontal scroll bars on the form as shown  
below: 
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• The default Min value of the scroll bars is 0, so leave this as it is. We want 
maximum values of 255. 
• Select any scroll bar, press <Shift>, and keep it pressed. Now select the other 
two bars. All the properties that the bars have in common are now displayed in 
the Properties box. 
• Set the Max value to 255. 
• Change the names of the scroll bars to hsbRed, hsbGreen and hsbBlue. 
• Change the Text on the labels to Red, Green and Blue 
• Double click on hsbRed, to bring up the code window, and enter the following 
code under its sub routine: 
 
Private Sub hsbRed_Scroll(sender As Object, e As ScrollEventArgs) Handles 
hsbRed.Scroll 
        Me.BackColor = Color.FromArgb(hsbRed.Value, hsbGreen.Value, hsbBlue.Value) 
End Sub 
 
Notice the _Scroll in the first line. This means the scroll bar’s code will be 
activated when the bar is scrolled, rather than clicking on the arrow heads. 
 
• Change the code of the other two bars to that shown above. 
• Press F5 to run the program and scroll the bars to see the effect. 
• Save the Form and Project. 
 
Up and Away: Using the Timer 
 
The Timer control will trigger an event at pre-set time intervals. Open a new 
project and make the Form long and narrow. Add a label near the bottom and a 
timer (this will appear below the form). The Form should look like the one below. 
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Set the properties as follows: 
 
 
Object Property  Setting 
Form Text Moon Shot 
Timer Name 

Interval 
Enabled 

tmrLaunch 
100 
True 

Label Name 
Text 
Font 
BackColor 

lblRiser 
Up and Away! 
Bold, 14pt 
Pink 

 
The Interval property for the timer determines how long between events. The 
interval is measured in milliseconds, so an interval of 1000 is equivalent to 1 
second. You have set the interval to 0.1 seconds. 
 
Add the following code to the timer: 
 
Private Sub tmrLaunch_Tick(sender As Object, e As EventArgs) Handles 
tmrLaunch.Tick 
        lblRiser.Top = lblRiser.Top - 10 
    End Sub 
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This will decrease the position of the label every 0.1 second (note that when the 
label is at the very top of the form, its Top property is zero). 
 
Run the program to see the effect. You will notice that the Timer is not visible 
when the program is running. 
 
Using a Picture Box 
 
• Delete the Up and Away! Label, and add a Picture Box in its place.   
• Set the name to picRocket. 
• Click on the Image property, and then on the build button (three dots).  
 
You will be asked for the source of the picture you want. Find something suitable 
on the internet, you should be able to save it on the Desktop. 
 
Ideally you want a rocket. If you can’t find one, your tutor may be able to supply a 
graphic on memory stick. 
 
• You need to set the Size mode of the picture box to Stretch Image 
 
• Add two Radio Buttons and a Button below picRocket so the Form looks like: 
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• Alter the code in the Timer to: 
 

picRocket.Top = picRocket.Top – 10 
 
• Look inside the Code window. If you still see the code for the object lblRiser, 
which you have deleted, then delete this sub routine. 
• Run the program again to make sure that everything is okay. 
 
• Set the properties of the other objects as shown below: 
 
Object Property Setting 
Radio Button Name 

Text 
TabIndex 

radStart 
On 
3 (this makes sure that 
this radio button isn’t 
checked as soon as the 
program starts) 

Radio Button Name 
Text 

radStop 
Off 

Button Name btnReset 
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Text Reset 
 
• Add the following code to the new objects: 
 
radStart:  tmrLaunch.Enabled = True 
 
radStop:  tmrLaunch.Enabled = False 
 
btnReset: radStart.Checked = False 

picRocket.Top = ? ‘Enter the original value of the Top property in                                                     
                                                    ‘here (look at the Properties of the picture box, 
      ‘Location) 
  tmrLaunch.enabled = False 
 

 
  
• Set the Enabled Property on the timer to False (the Timer is not enabled when 
the program starts).  
• Run the program.  
• Test the program by following this routine: 

 
 Click on the Start option, then the Stop, then the Start again, then the 
Reset button 

 
Exercise 
 
3 Can you add a scroll bar below the Reset button, so that the speed of the 
rocket varies depending on where the scroll indicator is set? 
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4 Can you add a third Radio Button captioned Retro, which will set the rocket 
moving downwards? 
 
Hint: You will need a second timer. Call it tmrRetro. This should do the opposite 
to tmrLaunch. The options chosen from the radio buttons will have to set the 
Enabled properties of the timers. The Reset button will have to disable both 
timers. 
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