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[bookmark: _Toc56678724]Abstract
The purpose of this project is to help improve passenger’s experience on railways in Wales. During the research of this project, it was apparent that one of the most common concerns of the average passenger is finding a seat on a train. This project hopes to help that problem by implementing capacity information into ticket purchasing websites, mobile applications, and ticketing machines at train stations.
To show the project is successful, a survey was developed to be given to participants. To make the survey a good standard, the types of questions used had to be researched and developed. Once this was done, the project was designed and then developed. The Agile development methodology was chosen as it is a modern approach to software development and allows developers to work with the stakeholders instead of presenting them a finished product at the end of the lifecycle.
The web application for the project was created using Laravel, a modern PHP framework which allows developers access to powerful features such as authentication and database management.
Once the web application was built, the survey was distributed to participants and the results were analysed. The results of the survey backed up what was mentioned in the literature review, which was that existing technology exists, but it is not advertised for passengers to be frequently using it. 
The survey also proved that a feature built into ticket purchasing options would be helpful and that it would improve their experience on the Railway.
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[bookmark: _Toc56678725]1	Introduction
The purpose of this project is to improve rail passengers experience in Wales. In the last 10 years, rail services have been overcrowded during peak times. This is due to the franchise agreement being set to zero-growth and more passengers using the railway. Which meant that passengers filled the trains to maximum capacity and there was no option to purchase extra trains.
To improve the passenger's experience, a web application will be built that includes overcrowding information on trains. This is so the passenger can choose a less busy service, this will be helpful during peak times where trains are frequent and depending on the time and route, maybe either crowded or not crowded.
The project was suggested by personal experiences of using the Railway frequently to commute to University, it was noticed during peak times that trains left busy stations like Cardiff Central every 15-30 minutes towards Swansea. But the first train was crowded and the second and third train was less busy. This meant travelling on the later trains lead to a more comfortable journey, which leads to the project idea.
The project is an important topic for making passengers experience on the railway better, this is because it is better for the environment if people used public transport rather than personal vehicles which give off more pollution. But if people using the railway are uncomfortable by having to stand for long periods, it is understandable to why people drive. 
There are existing solutions to the project which have been created by railway companies which will be discussed in the literature review, but they are not very well advertised which means customers do not use them as frequently as they should. This project aims to integrate the capacity information into the ticket purchase devices such as websites, mobile applications, and ticket machines.
1.1 [bookmark: _Toc56678726]Aims and Objectives
This project aims to help improve overcrowding on railways in Wales. This will be done by creating a web application that includes the overcrowding of each service into the existing Transport for Wales website. To achieve the aim, the following objectives must be met:
1. Identify existing technology used to inform passengers about overcrowding
2. Create a ticket purchasing system with included capacity information
3. Produce a survey for passengers who have used the railway
4. Analyse the results to show that the feature helped improve passengers experience

2. [bookmark: _Toc56678727]Literature Review
The railways in the United Kingdom have been overcrowded for many years, this is due to several problems. The purpose of this research project is to create a solution that allows passengers to see real-time overcrowding information. This will allow passengers to choose a service that is earlier or later but is a more comfortable journey. The final solution will be particularly useful in peak times, such as the morning and evening when trains are more frequent and have more passengers travelling. 
2.1 [bookmark: _Toc56678728]Problems with UK Railways
There are many problems with railways in the United Kingdom, this is because old infrastructure, increasing passenger numbers and complicated ticketing types. These problems add to trains being overcrowded with passengers.
2.1.1 [bookmark: _Toc56678729]Old Infrastructure
Railways in the United Kingdom run on some of the world’s oldest infrastructure[1]. This means that trains cannot run as frequently between signals as other countries. There is also the problem of existing bottlenecks in the railway system.
Signalling
Traffic light systems are used on the railways in the United Kingdom, this means fewer trains can run between signals compared to existing European railways. In Europe, a system called the European Train Control System (ETCS)[2]. The system uses in-cab computer displays to tell the driver about the signals ahead, instead of relying on the traditional traffic lights. Trains will also be to run faster than 125 miles per hour, which is the current limit on traffic light signals[3].
With the European Train Control System installed, trains will be able to run between signals more efficiently and safely. The system is already active in the Thameslink network and has allowed up to 24 trains per hour to operate compared to the original 16[4]. 
Overcrowding would be less of a problem if trains could run more frequently between stations instead, passengers currently must cram onto busier services as they come less frequently.
Bottlenecks
A bottleneck happens on the railway when the layout of the track limits the number of trains able to pass through an area. This often happens at junctions and stations when trains need to be stopped to allow a train to pass, limiting the number of trains an hour. An example of an existing bottleneck is the railway around Croydon station in London[5]. Bottlenecks are a problem on the railway because it means trains cannot run as frequently, which means commuters will often board the first train arriving.
To fix a bottleneck, the railway must be adjusted to allow extra trains to pass through the section of track. This is complicated as construction work can only be done overnight or on public holidays like Christmas or bank holidays.


Electrification
Although it may not seem like a contributing factor to overcrowding, the governments choice in cancelling the electrification of routes across the country affects overcrowding. By electrifying routes, train operators need to purchase new rolling stock to benefit from the electrification[6].
New trains are designed to be more efficient with their space, with engines being placed under the train and the layout optimised like a London Underground train[7]. This allows more passengers to safely board the train using the standing room. It also allows train operators to purchase trains that are larger and ideal for the number of passengers using the route.
2.1.2 [bookmark: _Toc56678730]Increased passenger numbers
Over the last three decades, passenger numbers across the United Kingdom railways have increased by each year[8].
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[bookmark: _Toc56666388]Figure 1 Passenger numbers increasing over the last three decades.[8]
The reason why increased passenger numbers influence overcrowding is that it is complicated for train operators to predict how much rolling stock is needed. If a train company orders brand new rolling stock for a route, by the time it is has entered service the passenger growth may have increased.
It may also be complicated for train operators to purchase due to their franchise agreement, an example of this was the previous Arriva Trains Wales franchise agreement[9]. The franchise was on a zero-growth contract which meant the Welsh Government predicted that passenger numbers in Wales would not increase. But numbers did increase, this led to trains being overcrowded and the operator being unable to purchase new rolling stock[9].


Impact of Coronavirus and the railway
The Coronavirus pandemic has impacted the railway because fewer people are using the railway. In March 2020, the government ordered businesses to begin working from home. This meant that fewer people were commuting to their workplaces. Schools and the hospitality industry also closed, which meant people were not using trains for leisure purposes.
From 23rd March to 10th May, a survey was completed by Ipsos MORI asking adults if they used the railway during the time[10]. The results were that only 2% of adults used the railway at that time, these people were likely to be key workers.
Below is a graph which shows the rapid decline of passengers on the railways in the United Kingdom during the pandemic.
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[bookmark: _Toc56666389]Figure 2 Passenger numbers by financial quarter[11]
In 2019-20 Q3 the passenger numbers were 462 million, this was when the United Kingdom was unaffected by the pandemic. In 2019-20 Q4 the passenger numbers were 393 million, this was when the pandemic was about to hit the United Kingdom, and some businesses already was working from home. The final figure is 35 million, this is when the country was in lockdown and only key workers could use the railway to get to work.


2.1.3 [bookmark: _Toc56678731]Classes of train tickets
There are multiple types of train tickets available to purchase on the railway in the United Kingdom, this means it is hard for train operators to determine how many passengers are on each train.
The existing types of train tickets are[12]:
· Advance: Advance train tickets are purchased in advance and are only valid on a certain service.
· Anytime: Anytime train tickets are purchased at train stations and are valid for that day.
· Off-peak: Off-peak train tickets are like anytime tickets but are only valid outside of peak hours.
The advance train ticket is good for controlling capacity on trains as train operators know exactly how many people are due to use the service. But anytime and off-peak tickets add to overcrowding as train operators are unable to determine how many passengers are using the service.
If a train is full, passengers will have to wait for later service to arrive. This causes stress and frustration as many passengers plan their commute to get to work or education.
2.2 [bookmark: _Toc56678732]Effects of overcrowding
Overcrowding on trains is a bad thing as it can cause stress and discomfort, these factors can persuade passengers from using the railway and using alternative transport such as a car. This is bad both for the environment and the railway as the train operators will lose profit.
Stress
When passengers use overcrowded trains, it brings stress to them. This is because they are worried about missing their train due to it being full capacity. There have also been reports saying that overcrowding on trains can lead to chronic health problems such as anxiety, high blood pressure and heart conditions[13], [14].
In the Passenger Rail Service Complaints report for 2019-2020[15], the third most complained about section was “Sufficient room for all passengers to sit/stand”. This proves that it is important for passengers to be able to board the service they are expecting to.
Discomfort
Passengers who travel on overcrowded trains may feel discomfort from standing up in cramped areas for potentially long periods[13]. This may also add to the stress the passenger is dealing with. The situation may worsen in the summer when hot weather will worsen the conditions. This often leads to passengers fainting on railway services[16].

2.3 [bookmark: _Toc56678733]Existing technology
Railway companies in the United Kingdom have tried to make solutions to inform passengers of how busy service is. Some solutions are trialling new technology such as seat sensors and other solutions are adding lists of busy services to their website.
[bookmark: _Toc56678734]2.3.1	BusyBot (TheTrainline)
BusyBot is a solution created by the ticketing company TheTrainline[17]. It allows passengers travelling on services to see how busy service is, in real-time. The software works by asking users who have purchased tickets for service how busy their train is and what part of the train they are on.
The software then determines what carriages on a train is busy, it then predicts how busy service is in the future. This allows passengers who are buying train tickets in the future, to see how busy service is before boarding it.
BusyBot uses simple to understand icons and is integrated into TheTrainLine application, meaning passengers can use the software as per usual.
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[bookmark: _Toc56666390]Figure 3 An example of TheTrainLine's BusyBot service[18]
Pros:
· Has real-time data of each service
· Services are divided into three sections. The front, middle and back.
· The software is easy to use and is integrated into a popular ticket purchasing application.
Cons:
· Passengers must use TheTrainLine application or website to get information.
· The software does not list how many carriages.
· In smaller places, it is less accurate as there will be a smaller source of data.
[bookmark: _Toc56678735]3.3.2	TfW How busy is my train?
Transport for Wales (TfW) have a system called “How busy is my train?”. It is a web page on their website which allows passengers to enter a route. The route will then display times and busyness of each service.
Data is collected by conductors on the train, who count how many passengers are on a service per day. The website says the data is not 100% accurate and to only be used as an indication[19]. The data is also inaccurate when there are delays on the network and when there are rail replacement buses.
Using the service is easy, as the busyness of service is indicated by stops using a traffic light system. This is helpful as passengers can see where a train is likely to get busy.
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[bookmark: _Toc56666391]Figure 4 An example of Transport for Wales' How busy is my train? service
Pros:
· Simple to understand as traffic light system is used
· Data is collected by an accurate source, the staff at Transport for Wales
Cons:
· Data may be inaccurate on holidays, as a train may be used by commuters one day and other travel the next day
· The webpage is hidden on Transport for Wales’ large website and not integrated into the ticket buying facilities
· Not all services are covered by this system
[bookmark: _Toc56678736]2.3.3	LNER Seat Sensors
London North Eastern Railway (LNER) is currently trialling existing technology using sensors built into seats to determine how busy service is. The technology was created by McClaren and the system uses weight and height to determine if a seat is occupied or vacant.[20]
The seat sensor system allows passengers to determine if a carriage is busy by glancing at the traffic light system above the seat, this then allows the customer to move to another carriage if the current one is busy. The system also allows LNER to have analytical data about each service, which they use on their website to inform passengers of busier services.[21]
[image: How to travel on a LNER Intercity 225 (UK) train]
[bookmark: _Toc56666392]Figure 5 An example of LNER seat sensor technology[22]
Pros:
· Data is displayed in real-time
· Easy to understand traffic light system
· Customers can quickly glance at each seat and see how busy the carriage is
Cons:
· It is currently in development
· Only available on LNER services
· Data is only available on trains in real-time


[bookmark: _Toc56678737]2.3.4	Other capacity systems
There are also other capacity systems outside of the railway, below is a review of capacity systems in the hospitality industry and employment sector.
2.3.4.1	Kronos
Kronos is workforce management used by companies around the United Kingdom, the purpose of it is for colleagues to clock in and out of a building. This is useful for businesses that operate in a building such as an office or warehouse[23].
The system can track when an employee is in a building using a terminal, the terminal is secure as it uses fingerprints to identify each employee. The system can also be used to create timetables for employees.
[image: Kronos scheduler]
[bookmark: _Toc56666393]Figure 6 An example of Kronos[24]
Pros:
· Can display real-time data about employees working
· The system is secure by using biometric fingerprints
· Staff rotas can be added to see how many staff should be working
Cons:
· The system is expensive and not suitable for small businesses
· Not suitable for the public, only offices and warehouses


2.3.4.2	Touch Bistro
Touch Bistro is a point of service (POS) designed for the hospitality industry. It is software designed to keep a business operating through technology. The software is designed to run on iOS or Android and can handle the tableside ordering, payment, and staff management.[25]
The software can handle table management and staff, making it valid for capacity checking. The software has built-in analytic features which can be used to see how busy a business currently is in real-time.
[image: TouchBistro review: frictionless restaurant EPOS for iPad]
[bookmark: _Toc56666394]Figure 7 An example of a Restaurant using Touch Bistro[26]
Pros:
· Offers table management and staff management to control the capacity of people in a business
· The application is easy to understand and can offer payment at the table
· Designed for multiple scenarios such as restaurants, bar, burger van, etc.
Cons:
· The software is enterprise so it may be expensive for start-up businesses
· Not cloud-based, so the restaurant must provide the hardware
· Used on iOS and Android devices, which may be expensive to purchase



3. [bookmark: _Toc56678738]Research Methodology
To prove the project was successful, a survey will be created and given to a group of users. The users will then answer the survey and the results received will hopefully prove that the project helped improve the experience of railway users.
3.1 [bookmark: _Toc56678739]Objectives
To understand the objectives of the survey, SMART goals will be used. SMART goals allow survey designers to get more concrete answers from their audience[27]. SMART goals are divided into the following:
Specific
The questions asked in the survey should be specific. This means that the questions should be concise and clear. By having questions that are complex and ambiguous, the user answering the question will be confused. This means that the answer will not be 100% accurate or they may skip the question[28].
The survey created for railway users will use easy to understand terminology for all age groups, this means that the sample size can be from the uncommon user or someone who uses the railway daily for their commute. Other factors such as age and gender will be irrelevant, but the age will be 18+ for ethic’s purposes.
Measurable
To make a question measurable, the right scale must be used to record the data. This must be planned well as it may affect the statistical analysis performed on the survey. Sometimes it is possible to measure data in multiple ways, so the correct measurement must be chosen[28].
For example, if a question was asking a user what time they typically used the railway. The user could either respond using “morning” or “9:00 am”. This is bad as when analysing the data, the survey creator would have to estimate what time in the morning.
The best way to do it is by allowing the person answering the survey to answer in a range, for example, “07:00 to 10:00” or “10:00 to 12:00”.
To make the survey measurable, any answers that can be in a range will be pre-determined ranges. This is so the data can be accurately analysed once the results have been submitted. 
Attainable
Making a survey attainable means it is realistic, this means that all user groups can understand it. If a survey has jargon and uncommon acronyms, the people answering will not understand it. Making a survey attainable also means the survey are realistic enough for the participants to understand. 
Having an attainable survey also means that it is completed, if a survey is too long and without any incentives. The participants may not enter it as they will get uninterested, to keep participation companies will often add rewards such as a raffle to win money or a prize[28].
The survey for rail users will be attainable, the wording chosen will not be complicated. This is so more people can answer it, whether it be regular commuters or people who use the railway every couple of months.

Relevant
It is important to keep surveys relevant or the answers will be poor quality, surveys are kept relevant by choosing the right target audience. A survey for music students would receive poor answers if it were given to students studying computer science.[28]
The railway survey will be given to people who must of used the railway in the last 24 months, if not their answers will not be counted. This makes the survey relevant to those answering it.
Time-Bound
Time-bound surveys must be completed in the correct time, for example, if participants are asked about something that happened 5 years ago[28]. It is likely they have forgotten what happened unless it is an important event. The date and time the survey is released are also important, for example asking people to fill in a survey for work will gather fewer results on a Friday at 4 pm opposed to a survey released on Monday at 10 am [28].
When the railway survey is released, it will be at a suitable time. It is also important for people who have used the railway within the last 1-2 years.
3.2 [bookmark: _Toc56678740]Target audience
It is important to find the correct target audience for a survey. If the target audience is incorrect, the results received will be inaccurate and invalid. For the survey used in this project, it is important to get a target audience that has the following:
· Used the railway within the last 1-2 years
· Is over the age of 18
· Purchased their ticket using a mobile application or website
The reason why the person must have used the railway within the last 1-2 years is that they may have forgotten their experience. It is also easier to handle the ethics of people if the participation group is over 18. Also, if they purchased a ticket through a ticket office at a station or using a machine, the experience will be different from using a website.
Below are three examples of people who would be ideal candidates for the survey:
1. A person aged 31 years old who uses the railway daily to travel to work
2. A person aged 27 years old who used the railway last Spring to travel to a holiday destination
3. A person aged 22 years old who uses the railway daily to travel to University 
To get responses from the survey, a mixture of family, friends and University colleagues will be used.


[bookmark: _Toc56678741]3.3	Survey
The survey will be hosted using SurveyMonkey, which is an online survey creation tool. It is free and allows survey designers to create easy to understand questionnaires. It is also cloud hosted so a link can be distributed to all participants without having to use a word processing program which the participant may not have installed.
[bookmark: _Toc56678742]3.3.2	Draft 1
For the first draft of the survey, the questions asked were:
1. Have you used the Railway in the United Kingdom within the last 2 years?
· Yes
· No
The reason this question was included is so that the target audience for the survey was correct.
2. How did you purchase your ticket?
· Mobile Application
· Website
· Ticket Office
· Ticket Machine
· Other
This question also relates to the target audience as the target audience uses customers using a mobile application or website to purchase their ticket.
3. What time did you use the Railway?
· Morning peak
· Afternoon peak
· Off-peak
· Other
This question was asked as services are busier during the peak rush hours
4. How busy was the service you were on?
· Busy
· Busy
· Quiet
This question was asked to make sure that the participant was in a busy service.
5. Would it benefit you if when purchasing your ticket, you were told how busy the service was?
· Yes
· No
This question was asked to see if the participant would take note of the capacity display.
6. Which of these solutions have you heard of?
· How busy is my train? By local train operators
· BusyBot by TheTrainLine
· Seat Sensors by LNER
· None
This question was a checkbox, the participant could select any. The question relates to the literature review and its purpose is to see how many people have heard of the existing solutions.
7. Would a solution is shown below help you in choosing a less busy service? (Picture TBA)
· Yes
· No
This question was asked to see if the project were successful if the answer is yes it would prove the customer's experience would be improved by having the capacity of that train displayed.
[bookmark: _Toc56678743]3.3.2	Draft 2
The survey was presented to a small group of family and friends as a pilot to see if there were any problems. Based on the feedback received, the main issues were the wording of the questions and making them clearer to understand to each participant. The changes made to the survey based on the pilot feedback are:
Question 2
How did you purchase your ticket?
· Mobile Application (TheTrainLine, National Rail, Local Operator)
· Website (TheTrainLine, National Rail, Local Operator)
· Ticket Office
· Ticket Machine
· Other (Smart card, Oyster card, etc.)
The changes made were descriptions were added to the answers, this is so that the answer is more concise, and the participant avoids choosing “Other” because they are confused.
Question 3
What time did you use the Railway?
· Morning Peak (06:00 – 10:00)
· Afternoon Peak (14:00 – 18:00)
· Off-Peak (10:00 – 14:00)
· Other
The times of each type of ticket was added to make the answers clearer.
Question 4
How busy was the service you were on?
· There was room to sit
· Majority of the seats were occupied
· All the seats were occupied
· Standing room only
· The entire train was full and people left on the platform
The answers to this question were also changed to make the answers more concise as it was not 100% clear.


Question 6
Have you heard of any of these existing busyness solutions?
· “How busy is my train” by Local Operators (Transport for Wales, Northern, CrossCountry)
· BusyBot by TheTrainLine
· Seat Sensors by London North-Eastern Railway
· None of these solutions
The train operators were added to the first answer, this is to make the answers more clearer.
[bookmark: _Toc56678744]3.4	Analysing the results
Once the survey has been completed, the survey must be analysed correctly. If the survey is not analysed properly, the results may be incorrect making the project invalid.
As the survey consists of closed-ended questions, it is easier to ensure the data is qualitative compared to a survey full of open-ended questions. A closed-ended question is when the answers are pre-determined instead of an answer that allows the participant to enter their answer. The reason why the survey was designed with closed-ended questions was that it is easier for the participant to complete.
It is easier to analyse the results of closed-ended questions, this is because a number can be assigned to each answer. The numbers can then be inserted into software that can make graphs, such as Excel. A percentage can also be determined through the results, which can be used to show the most popular result.[29]
Closed-ended questions are common in large scale surveys, as an analyst needs to go through each answer and determine what type of answer is chosen[29]. Closed-ended questions also provide quantitative insights into survey answers as all the results are not unique, which makes the answers harder to sort.[29]
For the results of the railway survey, the answers will be analysed using the SurveyMonkey analytics dashboard. The percentage of each answer will then be determined, and the results will be displayed in a bar graph. A bar graph was chosen as it an easy to understand graph.
The results of the survey can be found in Section 7.2


4. [bookmark: _Toc56678745]Development Methodology
The development methodology is the process of developing and creating a piece of software, in this project it will be a ticket purchasing application with train capacity information. The first development methodology created was the waterfall model, this process is not used as much anymore due to its weaknesses compared to the other methodologies.
The chosen development methodology will be Agile, this is for many reasons mentioned below.
[bookmark: _Toc56678746]4.1	Agile
Agile is a software development methodology that is focused on iterative development, this means that software is built-in repetitive releases with new features and glitches being fixed in each iteration. Agile is widely adopted in modern software development and is built for teams, but its principles can be used for individual developers which will be the case in this project[30].
In most Agile development processes, a framework called Scrum is used. Scrum is a framework that allows developers to be consistent with what is agreed with the customer. Each element of the software is divided into a product backlog, this is a prioritised list created by the client. The development team then starts a sprint, where each item in the backlog is divided and created. Once the sprint is over, the software is tested and released. Each sprint typically lasts 30 days and the team will have daily scrum meetings where they discuss their progress and any problems they encounter[31].
Agile and Scrum have advantages over older traditional methods such as the waterfall method, they are[32]:
· Agile development is iterative, which means each design phase can go either forwards or backwards. Whereas the waterfall model is linear, which means each phase must be completed in order.
· Agile development aims to complete an MVP, which is known as the most valuable product. The MVP is then extended in sprints. The waterfall model aims to create a complete product, this is bad as if there is a problem it is expensive to fix.
· It is more expensive to create a product with the waterfall model, this is because the entire scope of the project must be defined before it is built. Agile development allows development companies to add features to the MVP at a cost, making the project design cheaper for the client.
· When the waterfall model is followed, the client does not see the product until it is finished. As Agile is completed in sprints, the client can see the progress of the project as it is being created.


[bookmark: _Toc56678747]4.2	Tools Used
To design and develop the capacity system, the following software will be used. 
At first, the original approach was to develop the web application using NodeJS. NodeJS is an open source server-side environment, it uses JavaScript to compile web pages and can connect to databases. It is currently an alternative to PHP which has been the popular choice of server-side web applications.
Laravel was chosen over NodeJS because Laravel is easier to learn as it uses the MVC architecture. The also powerful blade templating system will help develop web pages with added functionality, which is needed for the project aim. Laravel is also more popular and contains a large community which can be used to learn the framework faster.
PHP
PHP is an open-source scripting language used on the World Wide Web. It allows developers to create code that is executed at server-side. It can also connect to multiple database engines such as SQL Server and MySQL. 
The reason why PHP will be used is that it is common for applications with business logic and databases to use PHP. This is because it is not possible to connect to a database using a client-side language such as JavaScript.
Laravel
Laravel is a PHP framework that is well recognised for helping developers build web applications using PHP. The framework follows the Model View Controller (MVC) software architecture which means it is familiar to most developers.
The advantages of using Laravel to build the project is[33]:
· Templating: Laravel uses a system called Blade to create web pages. The blade allows the developer to embed control statements such as if statements and for each loop into traditional HTML syntax.
· MVC Support: MVC divides business logic, views, and the database into its own section. This makes working with Laravel easier to understand.
· Security: By default, Laravel hashes passwords into the encryption type Bcrypt. This is a strong and widely used encryption method, which makes it so passwords cannot be read in plain text. The framework also uses prepared SQL statements so that projects cannot be attacked using SQL injection.
· Database Migrations: Database migrations allow developers to quickly regenerate the database of a project without having to execute SQL queries. Developers can also create seeder’s which will populate a table with predefined data.
The reason Laravel will be used is that it is a popular PHP framework. By using Laravel it means things such as database connectivity and authentication can be easily developed instead of re-creating PHP libraries that already exist.
MySQL
MySQL is a relational database management system that is open-source, it allows developers to design and build databases. It is very popular with developers as it can be installed on any operating system and follows the normal SQL language.
Bootstrap
Bootstrap is a library for HTML, CSS and JavaScript. It allows developers to quickly build websites using a large number of components available within Bootstrap. This means that developers who are not website designers can focus on the backend side of the web application.


HTML
Hypertext Mark-up Language (HTML) is the language which is used to create web pages. It allows developers to structure web pages in a way that can be read and displayed by the web browser used by the user.
CSS
Cascading Style Sheets (CSS) are used to style HTML web pages when a developer wants to assign a colour or style to an HTML element, they assign it a class. Even though the web application will be built using Bootstrap, additional styling will be used in a separate CSS document which will overwrite any Bootstrap styles.
JavaScript/jQuery
JavaScript is a scripting language that gives functionality to web pages, for example when a button is pressed a modal with more information will show. This is done by toggling a JavaScript event. jQuery is a library which is used by Bootstrap, jQuery aims to make JavaScript development faster by adding classes to help the developer.
Programs
The two programs used will be phpStorm and Navicat. phpStorm is an integrated development environment (IDE) which is built for creating PHP files. It supports all the latest versions of PHP and can be useful for error detection, refactoring code and debugging web languages such as HTML, CSS, and JavaScript.
The other program used, Navicat is a database management system. It allows database administrators to connect to a database and run queries and manipulate the database. This is useful for when creating queries that will be used inside the application, such as complicated joins and select statements.
Both the programs are available free to students on a student license.
Hardware
As PHP and MySQL can be run on any stack, it is up to the user what hardware is used. For example, it can be running on a Linux machine using PHP and MySQL. All the new developer would have to do is edit the database details in the config and run the migrations and seeders.
The project will be running on localhost, this is because it is a development project. If the project were to go live on the Internet, the user could access it through a domain.

5. [bookmark: _Toc56678748]Design
In this section of the report, the design and implementation of the project will be discussed.
The scenario of the project will be based on Transport for Wales. This means that the web application will be designed in the colours they use. The routes will also be focused on Wales trains and stations. The reason for this is that is the local operator for where the University is based therefore the most relevant.
[bookmark: _Toc56678749]5.1	User Personas
User personas are individuals who will be using the finished product, they are the desired audience of the software. User personas are created so that the developers can get an image of who will be using the software and how to design it further[34].
The personas for the project are:
	Person
	Detail
	Goal

	Customer
	Works in an office in Cardiff and commutes from Swansea.

Catches the train Monday-Friday but is tired of having to stand as he travels during peak hours.
	To see services that are less busy and to purchase a ticket on them

	Manager
	Wants to see an overview of services so they can check what services are busy

The manager also wants to add new routes to the system
	To check on each service and see the capacity status of them. Also, to add new routes and edit existing ones

	Customer Services
	Customer Services help customers cancel their ticket or make changes to it
	To see customers tickets to create a cancellation or amendment to their ticket

	Station Manager
	Wants to update station information such as phone number and address
	To update station details such as address and phone number





[bookmark: _Toc56678750]5.2	User Stories
After the user stories have been completed, the user stories are designed. User stories are short descriptions of each feature inside the software with a perspective from the user. User stories are a starting point for development and help shape the development and design of software[35].
User stories are structured in the following way: As a [type of user], I want to [some goal].
User stories are divided into separate sprints, the sprints are released every 1-3 months depending on the agreement with the client.
Sprint 1
This sprint is the MVP (most valuable product). It will contain the most features as it is what is needed to create the capacity system.
[image: ]
[bookmark: _Toc56666395]Figure 8 Sprint 1 (MVP) user stories


Sprint 2
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[bookmark: _Toc56666396]Figure 9 Sprint 2 user stories
Sprint 3
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[bookmark: _Toc56666397]Figure 10 Sprint 3 user stories


[bookmark: _Toc56678751]5.3	Wireframes
Wireframes allow developers to create mock-up images of a piece of software before it is created, this allows the customer to see an example of what the product will look like before it is created. It is like a blueprint in the construction industry. Wireframes allow developers to create a feel for how a website will function without having to spend time and money creating one[36].
Searching for tickets
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[bookmark: _Toc56666398]Figure 11 Purchase ticket wireframe
This is the form that the customer will fill in when wanting to purchase a ticket, on the left side of the page is the form which includes the departure station, arrival station. It then asks the customer what date and time they want to travel on and if they are using a railcard. Finally, it asks if the customer is a child or an adult.
On the right side of the page is benefits for purchasing tickets with the website.
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[bookmark: _Toc56666399]Figure 12 Searching for tickets wireframe
This page shows the available routes for the customer, it will show them the latest results and information about them. They can click on the two buttons on the right and it will show them more information. This shows in a modal which is shown in the wireframe below.
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[bookmark: _Toc56666400]Figure 13 Ticket details schema
The more information tells the customer which station the service calls at, it tells the customer the time and how busy the train is.
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[bookmark: _Toc56666401]Figure 14 Your Tickets wireframe
This wireframe is for the Tickets page, this is what the customer will see once they have purchased their ticket. It displays all the information about the ticket and a button which will display a QR code in a modal.
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[bookmark: _Toc56666402]Figure 15 Station manage wireframe
This wireframe is designed for the station manager, it allows them to edit station details.
[bookmark: _Toc56678752]5.4	Non-functional requirements
Non-functional requirements are a document that defines how a piece of software will be built, it includes specific requirements of how software should be constructed. Non-functional requirements allow project managers to create standards that are required by the client to have software that is a good standard.
Non-functional requirements
· The software should be constructed using PHP and Laravel
· Database engine should be MySQL
· The database should be created using Laravel migrations
· Passwords should be stored in a secure hashing algorithm
· Customers should not be able to see the staff area of the system
· Station staff should not be able to edit customer tickets
· Customer services should only be able to alter customers tickets
· Users must register and sign in using their e-mail address
· The web application should be accessible on all modern browsers
· The web application should use Bootstrap


[bookmark: _Toc56678753]5.5	Database Design
After the project requirements have been completed, the database schema for the web application was designed. The database was designed to the third normal form (3NF), this means that the database has to reduce data redundancy as data is referenced by foreign key identifiers instead of plain text.
It will also be easier to construct joins with the database at 3NF, this is because it will be faster as the database engine can connect ID through the foreign key.
Capacity System Schema
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[bookmark: _Toc56666403]Figure 16 Capacity system schema
Above is the schema for the capacity system tables, there are other tables which for Laravel migrations and the roles system. The schema for those tables will be shown after a brief description of each table and its purpose.
Users – The user table is where all the information for every customer and employee is stored. If the user is an employee, they will get a role assigned to them using the role table.
Stations – Every station in the system is stored in this table, details like the location and phone number are stored here. The station manager is assigned as a user using a foreign key.
Trains – The train table contains the detail about every type of train available to Transport for Wales. It contains the train class, carriage amount and an image of the train.
Railcards – The railcards table contains information about the type of railcard available to customers when a railcard is applied a 33% discount is applied to a ticket.
Cancellations – When a ticket is cancelled, a new cancellation row is created. It contains information on the status of the cancellation and the ticket ID, this is connected using a foreign key.
Routes – This table contains information about every route, the table is small because of third normalisation degree rules meaning data cannot be repeated. Because of this, a sub-table called calling_ats is required which contains what stations the route is a part of.
Calling Ats – The calling ats table contains a list of each station a train is calling at on its route, it also contains details about how busy the train is.
Tickets – The tickets table contains every ticket that is purchased, it links to the tables using a foreign key. The column “child ticket” uses a binary data type to check if the ticket is a child. If it is a 1 is applied, for true. If it is not a child ticket a 0 is applied for false.
Roles System Schema
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[bookmark: _Toc56666404]Figure 17 Role system schema
Above is the roles system, this is responsible for controlling each users access depending on their role permission. For example, a customer cannot see a list of tickets purchased by other customers. Below is a definition of each table.
Roles – This table is responsible for listing each role, the system technician can create and assign users different roles from the administration dashboard.
Permissions – The permissions table includes a definition of each page role, for example, to see the tickets purchasing page. The user’s role group must have the “purchase-list”.
Role has permissions – The role has permissions is a list of which roles can see what pages, this is because of third normalisation degree rules.
Model has roles – This table is used when an assigning a role, in this case, the user is called model and are assigned a role_id.
Model has permissions – This table is used to temporarily give a user permission to access a page, this table does not get used but it is there just in case.


Laravel Tables
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[bookmark: _Toc56666405]Figure 18 Laravel table schema
Above are tables required by Laravel, the failed jobs table is used for when a migration has run unsuccessfully and contains an error message. The migrations table contains all the database migrations that have been performed. The password resets table contains a list of password resets, this feature is not used but is required as there is no mailing system available for localhost. But it is still required by the Laravel authentication system.
Created at and Update at Columns
These are columns used by Laravel for auditing purposes. When a row is updated or created by a user using Laravel, these columns are updated accordingly.
[bookmark: _Toc56678754]5.6	Website Design
The web application must be built in a way that is easy to use. This is because it is important for accessibility purposes that everyone can use it. The web application will also be built with Usability in mind for that reason.
The web application will be built with the following usability guidelines:
· The navigation and footer will be the same throughout the web application for consistency purposes
· Fonts and colours will be the same throughout the site
· The logo will link back to the homepage
· The web application will be simple to use
· Users will be able to browse the web application on mobile devices
· Users will be able to tab through the web application for ease of use and accessibility purposes
· The design of the website will have well recognisable features such as logo placement, navigation placement and forms
· Each page will have a relevant heading and subheadings
6. [bookmark: _Toc56678755]
Implementation
In this section, the implementation of the web application will be discussed and any difficulties that had to be overcome during the process.
Authentication and Role System
The first thing that was implemented was the role system, this is done using Laravel’s authentication middleware[37]. Middleware is a feature built into Laravel that intercepts requests and outputs a response depending on parameters[38].
In this case, it acts depending if the user is logged in or not. If the user is logged in, the middleware will then check if they can access the page depending on their role and page permission. If the user is not logged in, they will be redirected back to the login page.
The user can sign into the web application using their e-mail and password which they have signed up for, if they have not signed in then they can register by pressing the link on the page.
To register, the form needs four inputs from the user. They are:
· Name – This is the user's full name, which they will be referred to throughout the website
· E-Mail – The e-mail address of the user, which will be used to sign in to the website
· Password – The password the user needs to sign in to the website
· Confirm Password – Confirm their password, so they do not enter a mistake
It was a non-functional requirement that passwords were to be encrypted to a secure password hashing algorithm. It was decided to keep Laravel’s default hashing algorithm of bCrypt as it is a secure and well-recognised password hashing algorithm.
Another non-functional requirement was to ensure users sign in using their e-mail address, so by having that option instead of the name ensured that requirement was completed.
The problems that were encountered during this part of the implementation was getting the hashing feature to work. At first, the password input was not decrypting, so the code had to be refactored and adjusted to decrypt then send the password to compare with the database.
Using Laravel’s migration seeder, the first user will be created, and a role called System Technician. Each page available in the web application will also be inserted into the roles has permissions table. This is so that the system technician can create and assign roles.
For the Authentication system, a tutorial was followed from IT Solution Stuff. Which explained how to use Laravel’s middleware system[39, p. 6].
Administration Pages
The administration pages are pages that can only be seen by certain staff roles, for example, the station manager can only see and edit the station pages. 
To create the administration pages, each page needed a model file. In Laravel, the model is what is used to connect to the MySQL database. Each page also has a migration, which is used to create the database structure including foreign key relations, primary keys, and constraints.
There were seven models created for the relevant pages. They are: Calling At, Cancellation, Railcard, Route, Station, Ticket and Train.
Each model contained the table name which was defined in the class title and the required fillable fields. In the migration file, the table was created.
Some of the tables had foreign key constraints, to build them the following code had to be created:
	$table->index('train_id');
$table->foreign('train_id')->references('id')->on('trains')->onDelete('cascade');



The first line targets the column train_id inside the Routes table, the line below then references back to the parent table trains on id column and if the column is deleted, the row is deleted.
Once the model and migration are completed, the controller file can be created. The controller file contains all the methods that can be accessed using GET or POST requests.
For each page, the pages are divided into the four CRUD operations (Create, Read, Update and Delete). In the constructor of each controller, the permissions are defined:
	function __construct()
{
    $this->middleware('permission:train-list|train-create|train-edit|train-delete', ['only' => ['index','show']]);
    $this->middleware('permission:train-create', ['only' => ['create','store']]);
    $this->middleware('permission:train-edit', ['only' => ['edit','update']]);
    $this->middleware('permission:train-delete', ['only' => ['destroy']]);
}



The constructor above shows which role permission can access what feature, for example, if a user has access to train-create than they can access the functions create and store. The create function is for accessing the form to create pages and store is the logic for handling the POST request and inserting data.
After the permissions are defined in the constructor, the index function is created. The index function accesses the relevant model of each controller and then gets each record ordered by latest. It then returns the view of the relevant index with the data attached to it.
Inside the view, the general layout of the administration pages is rendered and a for each loop is used to loop through the returned data from the model. The data is then displayed in a Bootstrap data table with a search function attached. This allows staff to search through the data, it also paginates each page which is useful for not having lots of data.
The data tables approach was taken over the Laravel paginate feature as it adds a more interactive feeling to the page. The staff can sort each table column and can show a select number of rows, there is also a search bar which can be used to get a choice of rows.
If the staff member has the features, they will see a column on the right which lets them edit and delete the row. This was done by using Laravel’s @can feature built into Blade templates.
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[bookmark: _Toc56666406]Figure 19 The Trains index page
In the Tickets index view, to check if a Railcard or Cancellation is null. The PHP NULL coalesce operator is used to replace the value to N/A if it is NULL, this is done using the following code
	<td>{{ucfirst($ticket->cancellation->status ?? null?: 'N/A')}}</td>
<td>{{$ticket->railcard->name ?? null?: 'None'}}</td>



The code checks if the result is NULL and if it is, it will be replaced with N/A. This looks better than having an empty field inside the row. The first method is a PHP method which capitalises the first letter for a string.
For controllers which used a join, the Eloquent ORM (Object Relational Mapping) feature was used, this allowed tables to be joined using a syntax that is like SQL. The following join was used to join the Route and Calling Ats table:
	$firstStationCode = DB::table('calling_ats')
    ->select('stations.station_code')
    ->join('stations', 'stations.id', '=', 'calling_ats.station_id')
    ->where('calling_ats.route_id', '=', $route->id)
    ->first();


 
When a new Cancellation is created, the system had to update the Ticket’s foreign key ID, this was done by finding the latest row created in Cancellations and then adding it to Ticket ID using the model. The code below shows how it was done:
	$new_fk = DB::table('cancellations')->orderBy('id', 'desc')->first();
$new_fk = $new_fk->id;

$ticket = Ticket::where('id', $request->ticket_id)->update(['cancellation_id' => $new_fk]);


The next function in the controller to create function, this displays a view which includes the form used to create new records.
The function after that is the store function, with the parameters Request. This is the data from the POST request which will be used to create the new record. The function is a method that is used to validate the required data. If the requested data is invalid or missing, a message is sent back using middleware which tells the staff member what is missing.
If the data is correct a new object is created, and the requested data is assigned to it. It is then stored in the database using the Model and the staff member is redirected back to the index with a success message.
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[bookmark: _Toc56666407]Figure 20 Creating a new Train page
The next functions are edit and update, this allows the staff member to adjust records. The edit method shows the page like the create method, but it passes the relevant model. For example, if a train were being edited the train object would be passed through.
To pre-fill the form, the Train model is passed through in the controller. If there is a dropdown from another table, for example, a Station dropdown with a list of each station. That Model is also passed through and looped through using a for each statement. Below is an example:
	<select class="form-control" name="route_id">
    @foreach($routes as $route)
        <option {{ $callingat->route_id == $route->id ? 'selected' : '' }} value="{{$route->id}}">{{$route->id}}</option>
    @endforeach
</select>



This is in the Calling At edit page, it loops through and displays each Station ID as the value and the Station name as the option. If the station ID matches the current Calling At ID, which is found from a GET request in the URL, the option gets selected.
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[bookmark: _Toc56666408]Figure 21 Editing a Train page with the form fields pre-filled
The last function is deleting a row, this uses a DELETE request to delete the row using an ID. This is done using the following code:
	{!! Form::open(['method' => 'DELETE','route' => ['callingats.destroy', $callingat->id],'style'=>'display:inline']) !!}
{!! Form::submit('Delete', ['class' => 'btn btn-sm btn-danger']) !!}
{!! Form::close() !!}



A form is created for each row and the ID is assigned to it, a Delete button is then created and when pressed a request gets sent to the controller.
On some of the controllers where a large amount of data is stored, for example, Routes and Tickets. A show method exists, this function contains a view which has additional data which would not fit in the index page table.



Dashboard
The dashboard is the page which the user gets redirected to when they sign in, it is the homepage for the user system. It contains links to purchase a new ticket and view previous tickets.
If the user is a staff member, they will see a more administrative dashboard with current statistics on Train count, Stations count, Ticket count and Route count.
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[bookmark: _Toc56666409]Figure 22 View of the Dashboard page with the administrative features
View Tickets
The view tickets section of the website allows users to see previously purchased tickets. They are displayed in a table for each ticket and shows the start station, end station, departure date and time, price, and an option to view the E-Ticket. This is simulated using a standard QR code.
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[bookmark: _Toc56666410]Figure 23 Viewing previously purchased Tickets


Purchase Tickets
The purchase tickets section of the website is what is used to generate a new ticket. As it generates a new Ticket model, a new model class was not required. So only a controller was created. The index view is built up as a form contains the following fields:
· Departure Station: This contains a Bootstrap search which lets the customer search through each station
· Arrival Station: This also contains a Bootstrap search
· Departure Date: This uses a date picker which shows a calendar which the customer can select.
· Departure Time: This is a 24-hour drop-down menu, but selects the current hour
· Departure Minute: This is every 15 minutes and allows for a more accurate search
· Railcard: This allows the customer to apply a Railcard discount
· Ticket Type: The customer can pick either Adult or Child in radio buttons
 When the form is completed, the customer is redirected to a page which displays the list of available tickets.
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[bookmark: _Toc56666411]Figure 24 The Purchase Tickets form
Once the form has been submitted, a POST request is sent to the store method inside the controller. This then sends a model request to find each route between the two stations and is in between a 12 hour before and after a period of the date.
The results are then shown in a table for each result, displaying the departure time, arrival time, journey time and options for journey details or to purchase the ticket.
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[bookmark: _Toc56666412]Figure 25 Results of Purchase Ticket page
To get the journey time between the two stations, a PHP library called Carbon was used. The date and time were first parsed into a Carbon format, then a function called difference in minutes was used to get a result. This was then stored in an array for each route and then a for each statement was used to display the journey time for each result.
The same happened for the station's list and train type, but instead of finding out a date, a join was used to get details about the type of train for that route and what stations it would be calling at.
	foreach($routes as $route)
{
    // Journey Length
    $start_date = Carbon::parse($route->Start_time);
    $end_date = Carbon::parse($route->End_time);

    $journey_time = $start_date->diffInMinutes($end_date);

    $journey[] = $journey_time;

    // Stations List
    $stations[] = DB::select(DB::raw("SELECT trains.image, stations.station_name, calling_ats.departure_time, calling_ats.capacity_status FROM calling_ats INNER JOIN stations ON stations.id = calling_ats.station_id INNER JOIN routes ON routes.id = calling_ats.route_id INNER JOIN trains ON routes.train_id = trains.id WHERE route_id = '$route->route_id'"));

    // Train Type
    $trains[] = DB::select(DB::raw("SELECT trains.image, trains.class, route_id FROM calling_ats INNER JOIN routes ON routes.id = calling_ats.route_id INNER JOIN trains ON routes.train_id = trains.id WHERE route_id = '$route->route_id' GROUP BY route_id"));
}






When the Journey Details button is pressed, a modal will open displaying information about the type of train and capacity status. This is done by storing the data in an array and looping through it per route id.
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[bookmark: _Toc56666413]Figure 26 Journey Details modal
The second modal is opened when the customer presses the “Purchase Ticket” button. It acts as a confirmation for the customer before purchasing the ticket. It reminds the customer of the journey details and what type of ticket it is. 
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[bookmark: _Toc56666414]Figure 27 Purchase Confirmation modal
When the purchase ticket button is pressed in the modal, a POST request is sent to the store function inside the controller. This then creates a new object on the Ticket model and populates each field with the customer's route.
Once they have purchased the ticket, they are then sent to the “Your Tickets” page with a success message.
Homepage
For the homepage, a generic one with Coronavirus information was created. This is because it is not common to purchase tickets using the homepage, and the fact customers must register before purchasing them.
The navigation in the top right will change depending on if the user is logged in or not, if they are signed into the web application it displays Home and Buy Tickets. If the user is not logged in, it shows links to log in and register.
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[bookmark: _Toc56666415]Figure 28 Top of Homepage
When the customer clicks “Find out more”, JavaScript will move them to the section of the page which displays information about the Capacity Checker and a link to purchase tickets. There is also a piece of information for Coronavirus advice.
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[bookmark: _Toc56666416]Figure 29 Bottom of Homepage
The homepage is based off a theme called Creative from Start Bootstrap, the reason why it was used was because the development was focused on the capacity feature as it is the aim of the project.[40]


7. [bookmark: _Toc56678756]Results and Discussion
In this part of the report, the results from the survey will be discussed and the conclusions drawn from the results.
[bookmark: _Toc56678757]7.1	Scope of the Survey
In total, there were 47 results completed in the survey. But due to SurveyMonkeys free plan limitations, only 40 of them can be viewed before having to upgrade to a paid plan. This means that 7 of 47 results was not counted in the results of the survey.
[bookmark: _Toc56678758]7.2	Survey Results
Each question included in the survey will be discussed below and the results will be put into a bar chart and divided by percentages. This is an appropriate format for the data as it is clear what was the more common answer.
Question One
[image: ]
[bookmark: _Toc56666417]Figure 30 Question One of the Survey
The results of this question are that 95% of people who answered the survey have used the railway in the past 2 years, this is expected as it suited the demographic for the survey which was discussed in the Research Methodology.


Question Two
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[bookmark: _Toc56666418]Figure 31 Question Two of the Survey
The second question shows that purchasing tickets through a website, mobile and ticket machine were the most popular methods. This is good as the capacity feature can be implemented into the three sections the easiest. It could also be implemented into the ticket office and the staff member selling the ticket could tell the customer how busy the train was.


Question Three
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[bookmark: _Toc56666419]Figure 32 Question Three of the Survey
Question three shows that a lot of people use the railway during peak hours, but it also shows customers use the railway outside of the regular peak hours. This may people travelling at night or in the evening when tickets are cheaper, and people travel to busier cities for social purposes.
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[bookmark: _Toc56666420]Figure 33 Question Four of the Survey
The fourth question shows that a large number of trains had room to sit in, but that over half of the trains faced overcrowding problems. This shows that a capacity checker could be helpful for people to use railway services as they can choose a less busy service and potentially have a more pleasant journey.


Question Five
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[bookmark: _Toc56666421]Figure 34 Question Five of the Survey
This question shows that there is interest from people about having information available to show them the busiest services. This is so they can be avoided, and a later or earlier service may be chosen.


Question Six
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[bookmark: _Toc56666422]Figure 35 Question Six of the Survey
This question backs up what was said in the Literature Review that most capacity checkers are not advertised a lot. There was only one person who knew about the LNER seat sensors, but this may be due to the survey being distributed to people who live in Wales where LNER do not operate.


Question Seven
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[bookmark: _Toc56666423]Figure 36 Question Seven of the Survey
The question above shows again that there is interest in a capacity checker being built into ticket purchasing services.
[bookmark: _Toc56678759]7.3	Conclusion of Survey Results
The results of the survey conclude that what was discussed in the Literature Review was true. It was also proved that there is an interest of a capacity checker being included in ticket purchasing systems in the railway.
Question six also shows that the existing capacity checkers are not advertised as much as they should be for customers to know about them and use them. 
The data received in questions five and seven also helped the project meet its overall aim, to help customers improve their railway experience. This is because most answers in these two questions were in favour of having real-time information about the capacity status of the train they may potentially travel on.
The answers provided by the survey were mostly as expected, although it was unexpected that more people travelled during the evening and outside of peak hours. It was also a slight surprise that 4 in 40 people used the ticket office but with e-tickets becoming more popular, it is understandable as customers can purchase their tickets from mobile devices or at home.

8. [bookmark: _Toc56678760]Conclusions and Recommendations
In this section of the report, the project will be concluded and any recommendations for future work will be discussed.
[bookmark: _Toc56678761]8.1	Conclusion
The first part of the project was the literature review, in this part the reasons why railways in the United Kingdom were discovered and what are passenger’s concerns. It was also discovered that there is existing technology for capacity features, but they were not advertised very well except BusyBot from TheTrainLine. It was also discovered that existing capacity management features exist in warehouses, offices, and the hospitality industry.
The next part of the project was to research how to design and create a survey, in the Research Methodology the survey software was chosen as SurveyMonkey. Once the software was chosen, the survey questions were designed, and a draft was created. The survey was then amended to make it easier to understand for the participants to complete.
Once the survey was completed, it was then the stage to design the software. In the Development Methodology, the Agile software methodology was chosen. This is because it is a modern methodology that allows developers to be flexible with their clients and have a lot of communication, this is good as with the waterfall methodology for example. The customer may see the final product and want changes, which takes time and money.
After the Development Methodology was completed, the software was then designed. The first thing which was designed was User Personas, this allowed the developer to get a feel to what type of people would be using the software and what tasks they wanted to achieve. After the User Personas were created, the User Stories were created. This was a list of different actions that needed to be performed by each User.
Once the User Stories were created, a group of Wireframe diagrams was created. The Wireframe diagrams allowed the developer to picture what the software would look like. This is good as they are cheap to make and helps a lot with visualising the MVP (Most Valuable Product).
Then the non-functional requirements were created, this is a list of parameters which are needed for the web application. For example, hashing the passwords for each user in a secure encryption method. The non-functional requirements are a list of things which the web application should include.
The Database was then designed, it was important to understand the database as it had to be normalised to the third degree (3NF). This meant that data was not replicated but instead referred to using foreign keys. It was crucial to get the database right as it is very time-consuming to alter once the software had been written.
The web application was then implemented, first the roles and user system were created. Then the administrative side, which allowed different departments of the staff team to create, read, update, and delete records where appropriate. Then the ticket purchasing system was created which allowed customers to purchase tickets from a select range between stations finally, a generic homepage was created.
Most of the User Stories were put into the web application with the only two being the checking delays feature and contacting customer services. This was due to time constraints with the project and finishing the web application being a priority.
After the web application was finished, the survey was handed out to participants which were friends, family, and University colleagues. The survey received 47 total results but due to limitations of SurveyMonkey’s free plan, only 40 of them could be accessed before upgrading to a paid package.
The survey results were mostly as expected except for the few people using ticket offices to purchase tickets. The results from the survey also proved that the existing technology apart from TheTrainLine’s BusyBot is not advertised as much as it should be to get customers to know about it and use it frequently.
[bookmark: _Toc56678762]8.2	Further Research
The project could be taken further by implementing the capacity feature into a Train Operating Companies ticket machine, mobile application, and website. A survey could then be developed to see if the capacity checker improved the customer's experience.
The project scenario could also be changed to one of the industries in the literature review, such as restaurant franchises. This would potentially help businesses during the Coronavirus pandemic, which is currently ongoing as due to social distancing, not as many people can enter a restaurant. It would also help customers who see less busy which means they are more likely to get a table.
9. [bookmark: _Toc56678763]Reflection
During this project, it has been interesting to look at the various aspects of the railway. From looking at what causes disruption on the railway and how overcrowding has become an issue due to increased passenger numbers, outdated infrastructure, and older trains. It was also interesting to design and create a piece of software in the form of a web application that could benefit passengers experience when it comes to the railway.
It was also exciting to look at the Agile methodology and use it throughout the development of the project, this is because Agile is a modern software methodology that is actively used in the software development industry. It was particularly enjoyable creating User Stories and User Personas as it showed each person’s purpose of using the software, it helped when the web application was being developed as the User Stories could be referred to and the purpose of that User Story was evident.
Learning Laravel, a modern PHP framework was exciting. Laravel helped with the development greatly as a lot of the User Stories were easy to develop using Laravel’s large range of libraries, for example, the Authentication system. It was also great to use the Database system and creating queries with Eloquent and migrations. When the web application needed to be adjusted, it was easy to do as the MVC architecture it follows meant the business model, database and views are separated.
If the project were to be re-created, during a development an API like the service RealTimeTrains provides would be used. The API allows developers access to a full to the National Rail timetable, this means that the routes and timetables would be automatically entered instead of doing it manually. The API also allows developers to filter between routes using station codes and can provide information on each station. It is also possible to see how a train is running, for example, if it is delayed or if it got cancelled.
While completing the project, the time management skills of myself have been improved. Setting goals for each User Story while the project developed started helped greatly. It also meant to be flexible with time while finishing each User Story as some unexpected problems encountered which meant the calendar had to be adjusted but keeping within the deadline.
Using the new skills obtained by completing the project, the approach to working on new projects have changed. Using the Agile methodology for development means that planning is more important than before and that constant communication with the people on the project is vital for success.
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