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· To develop and evaluate a H&S system 
· To research into what makes a good H&S system
· To analyse the requirements for such a system
· To implement and test an H&S system 
This project is to develop and then evaluate a health and safety system created for employees of University of Wales Trinity Saint David. This involved several methods to achieve the goals set. These included using the System Usability Scale to get a feel for how usable the software was. Using a sample 12 users the system usability scale calculation produced a score of 78.33, showing that it was in the above average range. A rapid application diagram was also used to develop the project as fast as possible. This was completed by going through a loop of prototype, test, refine due to the time constraints only one loop was completed after the peer review in order to get feedback on that needed to be changed and tweaked to be considered a complete success.   
	
	To conclude overall the project was a success as the aim and all objectives were met. However, this is with a exception of a few above and beyond points such as; the GIS for the users to be able to locate the devices when they are unfamiliar with the campuses and the email system where staff are notified automatically of any systems that are due to be serviced or have tests run on them. 
	
Recommendations for the project are to add the shortcomings of the project such as the previously mentioned email and GIS and also to further the projects development by using factors such as more rotations of the rapid application diagram and have the project completely finished. 
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The project is based on a health and safety application for the university to use to record the various devices that the university need to keep track of such as fire alarms PAT tests and various other tests. This project was first put forward by Leigh Thomas who was the health and safety officer for UWTSD and required such a system to make a more streamline approach for his staff. A few requirements that he has for the system included having the ability for all staff to submit their own devices onto the system for their devices to have a PAT Test. The ability for test dates to be logged was also important such as emergency lighting and fire alarms as these are legal requirements set out in the following laws –
· The Health and Safety at Work Act of 1974. 
· The Electricity at Work Regulations of 1989.
· The Provision and Use of Work Equipment Regulations of 1998.
· The Management of Health and Safety at Work Regulations of 1999[11]


The initial aims and objectives for the project are –
· To develop and evaluate a H&S system 
· To research into what makes a good H&S system 
· To analyse the requirements for such a system 
· To implement and test an H&S system 
The overarching aim for this project was to successfully create a health and safety system where staff can do all the previously mentioned tasks and for them to be able to evaluate this software with a variety of different methods. This included methods such as System usability Scale and Rapid application development.  These methods were deemed the most appropriate with the timescale to complete the project on time. This is due to their focus on rapid prototyping and in the case of the System usability scale allowing higher accuracy of usability data with a smaller sample size. An example of this is from Tullis & Stetson who stated the in 90% of all cases using a system usability scale with 12 samples yielded the same results as having a larger sample[9]. 
	 






To complete this aim and the objectives they needed to be decided and actioned on. The aim and objectives are listed above and were completed so that the project would be a success. To do this included researching examples of other health and safety systems along with other similar software where they were available to access. Staff at different levels of the university were asked whether they would use the system including Leigh himself. This was a key factor in deciding on what was needed from the system at their respective levels. This was done to make sure that all parts of the system were usable for them as they were all stakeholders in the project. To do this the requirements that leigh himself had sent prior were used to make sure that the system was to his specifications. These specifications were then broken down into tasks that needed to be completed. Such as pages to add devices to view the devices and to search them to see when they needed to be tested next. By breaking the different tasks down the implementation was easier due to the tasks being smaller individual tasks. From these tasks different functions had to be made so that the end users job would be easier. That was how the second objective was met.
	For the final objective which was to implement and to test the system a few different packages were used in order to make the finished product these included lucid chart. This was deemed the most appropriate tool as it allows users to make entity relationship diagrams for free with a very straight forward drag and drop UI. Another piece of software that was used was Microsoft Access which was used to write the SQL queries for the database. These queries were used for different role such as to create the tables themselves and to link the tables using relationships. This piece of software was selected particularly because in the authors opinion it has one of the best PHP debuggers that is widely available. It is very good for detecting both minor typos and minor syntax errors. By using this software it made it a lot easier to implement the queries and made the next step a lot easier. When the queries were fully tested and working the next step was to add the onto the mySQL database. This was accessed via the admin tab of xampp[17] and then the SQL tab of PHPmyadmin[18].
	 
In the next few chapters there will be a variety of different topics such as the Literature review which  will go through what other have done in the past when concerning the various factors that are included in the project. The Literature review which has the work on UI and UX by Mike Atherton and Aurora Harleys work on GIS and maps in UI and UX. Following on from the Literature review there is the methodology chapter. This chapter goes into the methods that were used to make the project a success such as the previously mentioned SUS( System usability scale) and the RAD( Rapid application Development) Diagram. These particular methods were chosen for their efficiency and speed in the development of software so that the project would be completed on time and without delays. The next section of the repost is the implementation chapter of the project which goes into detail on how the software was designed and implemented using a variety of methods such as how the queries were made and how the interface was designed. The section after this will be for the evaluation chapter where all the evaluation methods are discussed with the findings from the System usability scale and the RAD along with any work that need doing to the system from feedback received. The following section is the Conclusions and recommendations where all the sections in the report are concluded and recommendations are given on how the project could be progressed. The final section Is the personal reflection of the project where the author will go into what benefits doing the project gave them. 



[bookmark: _Toc68801542]Literature  review 
For the final year project, a piece of software was created that will keep track of the various tests and dates that the university need to keep track of such as expiry dates of statutory testing such as fire alarms pat tests and emergency lighting. The project was put forward by Leigh Thomas who is the health and safety manager for UWTSD. Leigh requires a database that is accessible via the intranet where various staff members can access and add devices/ information to it. The software also needed the ability to run reports and send reminders to key staff member when needed such as test expiry dates where action is needed and need to be rebooked.
The university requires this software to keep track of their assets that require statutory tests to be carried out such as Fire alarms, pat tests, emergency lighting and fire extinguishers among other equipment. This is important as some devices might be overlooked such as pat testing on devices that are largely kept in storage. Where a simple walk around checking dates would be overlooked and ignored. This would lower the risk of a device being used that has an out of date pat test. This could possibly break several laws and regulations such as 
· The Health and Safety at Work Act of 1974. 
· The Electricity at Work Regulations of 1989.
· The Provision and Use of Work Equipment Regulations of 1998.
· The Management of Health and Safety at Work Regulations of 1999[1].

This shows that there is a need for this software for the university to minimise the risk of legal action being taken on them due to negligence and a lack of duty of care for the students, visitors, and staff. [2] This also allows the health and safety team at the university to focus on other tasks. Rather than Requiring them to go around the university checking dates on every device that the university owns to make sure that they are in date.
The university would also need to keep track on who carried out the tests on campus as if the test was carried out by an external company who completed a faulty or unsatisfactory job then they can be forwarded and delt with accordingly. This would ensure that if any incidents occurred due to negligent or unsatisfactory work then the university would not be at fault as the details of those responsible were recorded prior to the incident. In extreme cases this can be highlighted with the Grenville Disaster (2017) where the Council proved they were not at fault by providing the details of the external company that they contracted to do the cladding among other corners being cut during refurbishment. All by external companies that the council had put their trust in that they would do an adequate job which now we know this wasn’t the case. [3]
[bookmark: _Toc38119118][bookmark: _Toc68801543]The UI
User experience was also important when undertaking and designing a project of this sort. As if the User experience of the software was poor then chance of user error increases. This would have also increased the chance of the user being less enthused while working and the chance of a human error would have increased. However, If the software provides a good experience for the user then the odds of it being successful will increase. Also, the chance of human error will decrease for the software having a good UI. This will also increase the chance of the university continuing  to use the software for their data management for the health and safety department.  
Mike Atherton believes that UI (user interface) and UX (user experience) are the same as if you have a UI without any consideration for the UX the project it will cause the project to fail. As the user isn’t going to have as good of an experience. He goes on to mention that there is no one size fits all approach to designing an interface and that when designing one you should try different methods and test with several people. This is to see if the interface works and if it requires tailoring to the demographic of the software (university Health and Safety team). for example, if the software was designed for kids it should be clear and simple with plenty of bright colours. While An adult might find it some programs easy a child might struggle to use it due to it being simply boring to look at. For the project, the system will need to be tailored to university staff as they will be the end users of the software and thus will have to need to at least some say in the implementation of the system and the project as a whole. This make their role easier as it would be what they want and not what the developer thinks they want. It would also make the development of the system easier as there is plenty of feedback on how the project is developing.   [1] 
Mike Atherton also goes on to mention how often a business will go for basic functionality over working on the issues it has to make sure that the UI is good. He quotes a worker in the BBC who said that there have been many iterations of BBC iPlayer but the higher ups only cared that the latest episode of “EastEnders” was accessible on the homepage and that nothing else mattered to them.[1] This shows that most businesses will often overlook the UX of software in favour of releasing software quickly and cheaply. Once the basic goals are met it will be released this however prevents end users from using the software efficiently as there is often a learning curve on other parts of the software due to a speedy release. 
This has become prevalent in other industry’s such as the video game sector where many game developers the most recent one being Bethesda with the release of “Fallout 76” where the game worked but many users reported the game to feel empty and not feel like a fallout game. This led to the game dropping in price quickly due to the lack of a player base and with the game being an online only game having next to no players playing the game causing the price drop. The price went from £50 at launch to £10. This is clearly an example where a company has failed in making something that is tailored to the user and making the game unusable as a result.   [2] Bethesda also refused to issue refunds for the game so they also failed the users on more than one occasion by not resolving the issues that the game suffered at launch. This also caused backlash to the company that before could do no wrong by producing amazing games previously such as the elder scrolls and previous the fallout titles. An example of how well made these games were made previously is Skyrim. 
This game speaks for itself on how popular that game was as it is still on sale and has been remade on three different console generations. Fallout 76 remains on sale and broken currently due for rerelease on the Steam platform as of 2019.[3]
There has been a resurgence on fallout 76 recently due to Bethesda realising their mistake and creating a full story expansion with many claiming to be to late to save the game from what it could have been with some believing the remake to be better than the previous entry in the fallout series Fallout 4.[4] the article goes on to mention that Bethesda has finally delivered on what fallout 76 was meant to be as it was dubbed Fallout 4 with multiplayer when it was announced the only similarity between the two was the ui as they were built using the same engine. 
Mike Atherton also goes on to mention that there is a balance between technology, business and user experience when designing a UI. A good UI will be in the middle of a Venn diagram between business tech and UX. As to much of a focus on technology makes the software hard to use while too much focus on the business leads to a program that is perfect from a business point of view but is usually not worth it due to having a high learning curve for the end user. Too good of a UI often has the opposite problem as the business tends to suffer from this due to the UI being too simple to get meaningful data to do specific roles such as reports and data analysis.[1]
[image: ]
[21]
To conclude mike Atherton’s theory was that UI and UX are the same and should be treated as such with a bit of a balancing act to insure that projects will be a success and that some business have been know to neglect some of the ui or ux of software that has had disastrous repercussions such as loss of sales or even loyal customers in Bethesda case. 
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Gis will also be part of this project. This is for the users to be able to find the location of the device that they need to bring in or to have tested. By doing this it will make the job easier as some of the devices needing a pat test might hardly be used and need to be taken out of storage. Due to the lack of use. This also would allow staff to move devices and be able to log where the device was moved to. There are many GIS software available such as Mapbox[16] QGIS[15] or Mapinfo[14].
	The project also needed to look into how to implement the GIS so that the website does not seem crowded  this is brought up in the article  “Maps and Location Finders on Mobile Devices” by Aurora Harley which mentions the usability issues that come 	 with maps on a mobile phone such as fat fingers causing the user from  not being able to touch each individual pin or other issues such as moving the map due to the use of needing to use two fingers to move the map. This in itself limits the ability to use the app if the user has accessibility issues where two fingers is impossible. This problem is usually solved by the items appearing below and the user selecting these from a list rather than a map that solves these both issues. 
The previously mentioned issues are examples where the users were not considered during development. Due to the possibility of there being many items that are being stored. The option of showing all the points on the map is not possible and will need to be selected by the users from a list and then appear on the map. Or that they appear as the user needs them such as automation by the use of a date field. This is so that when a date gets reached the pin appeared on the screen. By doing this the user had a sort of to do list when jobs came in. This also doubled as a job list for the staff that adds extra functionality for the software without having to overhaul the ai. Other usual issues with maps are them being slow and clunky due to the data pins needing to be redrawn. This is another reason why the pins will need to come up as and when they are needed due to the speeds of potential devices being used or the amount of possible pins on the system one way I could solve this is by putting items into containers such as rooms or the physical the device is in this is similar to how amazon flex sorts its delivery’s for collection the items are put into bags and the driver scans each bag instead of having 30+ packages on the map at once.  The author of this report currently works as an amazon flex driver delivering amazon packages. [8]
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Description automatically generated]Above shows a map that has taken the points above where there is a list of the places that a user can choose form rather than having to try to tap on the precise location of the pin with so many locations in such a tight area this would be impossible due to their locality.




















[7] 
This is a example of bad ui usability where  there is no option to select from a list and would make it nearly impossible on a mobile device to select the correct location . This would especially be difficult  for users that have accessibility issues. This is a good example of poor usability that Aroura Harley mentioned above.
When researching different aspects of the project various sources were used one in particular was mike Atherton’s theory on how ui and ux were the same as you can not have one without the other due to how similar and different they are in the same time and that if you have to much ui then ux tends to suffer and vice versa.
Miscellaneous Literature review
	A few minor points while on the topic of usability here are a few excerpts from different authors on the subject of usability. Jakob Nielsen has an article on usability that goes into the basics of usability one key quote from this article is the number one rule for an ecommerce website “The first law of ecommerce is that if users cannot find the product, they cannot buy it either”. Another key area that this article goes into is that with intranets if the task of doing a thing is difficult then employee productivity will go down which can have a knock-on effect to the business. In most cases this costs a business more in man hours than it would to use usability methods in the first place. [12]
	Another key factor with usability is the theory of affordance for this there are two different definitions by two different authors these are Norman and Gibson. Norman defines affordances as a visual clue. Basically, it should do what a user expects it to do. If the button has a magnifying glass for example a user would assume that this searches for something. Meanwhile Gibson defines affordances as an action possibility. Basically, if a user saw a door, they would believe that it should be able to be opened but can be hidden or camouflaged.[13] other usability theories that were researched was the use of metaphor in interfaces this is when designers use pins for maps magnifying glasses for searching or even a floppy disk for saving. Metaphor is used all over different interfaces as it allows developers to save on space due to metaphor using images to convey the same information.  
	
	
	In conclusion to the Literature review for the project to be a success both the UI and UX of the interfaced needed to be implemented equally by doing this the project would have had more of a chance of being usable for the staff at UWTSD. This is highlighted in the fact that both articles that were researched they both mentioned that UI and UX were important. This was further emphasised with Mike Atherton’s article. That they must always be both considered together in all projects. Auroras article Contained a Plethora of different elements that must be considered when designing map interfaces the main example that she used was the correct use of Pins and labels on a map and that the most usable way to have a map with many datapoints is the use numbers on the map and corresponding labels that are the way that the user gets more information on that item this is shown better in the screen shots above. The article also went into the various accessibility issue that come with map interfaces such as the way that some have zero features that are designed to help users with various needs and some that are badly implemented. Meanwhile Mikes article went into the various examples where a company had decided to put their focus on the business without considering what a user would want. For this he used an example from a BBC developer who stated that there was not much focus on the customer and that he was instructed that the only thing that mattered to them was that EastEnders was on their front page. By doing this they had potentially affected their own business due to the only easily accessible show being EastEnders while other less popular titles would be difficult to view and make customers that want to watch something other than EastEnders must learn how to use a difficult UI with poor user experience.  
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	The research philosophy that was chosen for this project was an inductive process. This was due to the fact that the project was worked from the bottom up as opposed to a deductive method which would have been worked from the top down. This would have been more suitable for a project where the goal had already been created previously  and the project was trying to  figure  out how it works such as a archaeologist discovering an artifact and their task was to find out what use that artifact had and how and when it was used. In the case of the Software that was created for this project it was a totally new concept and, thus needed to be more primary research orientated by using a variety of different methods to get first hand accounts off of people on how they think the UI and UX of the software handles. Some secondary research was needed as well including different implementation tricks for the maps etc and for the evaluation techniques that were implemented.  

For the methods used in creating the project it involved applying a theory to a case study the theory being mike Atherton’s of UI and UX and incorporating the requirements that were set out by leigh Thomas health and safety manager for UWTSD. This was done by breaking down what the overall task  that was set and creating from this a set of aims and objectives and then following through with them to make a finished product that the university could use for the storing of information on their devices. 
	
The project was evaluated by using this checklist to see if others agreed that the aims and objectives were met using peer review. This was done by asking friends and staff at the university to use the system and to mark down if they believed that the aims and objectives were met for example if they would use the software and to suggest changes based on this. This supplied the project with qualitive data. 

They were asked to fill in a system usability scale which is a set of 10 questions that are marked 1-10 1 if they disagree and 10 if they strongly agree this then can be used to generate quantitative data and a score that could be used to see how usable the software was over the average of people asked.

By using the following methods, the project was supplied with cross sectional information. This was due to the small-time frame that was given for the project to be completed. If the project had a longer time frame a longitudinal methodology could have been used due to the longer amount of time to have the data needed to evaluate the software and less rapid methods could have been used to achieve better and more accurate results by utilising a larger sample. The corona virus pandemic also had an effect on the collection of data due to the increased difficulty on getting others to participate in surveys.  

	For the software side of the project the project used a RAD diagram method to evaluate on how successful the project has been this method involves three parts prototype test refine. This was the basis that the project used to test the software. When a prototype of software was created this method of testing was put in place. Now that the prototype was completed the next phase was test this is where the project was given to staff at the university. Staff at the university were asked what they thought of the software and if there was anything that they would have changed or added to the project this gave information on how the project could be improved. The next stage is refine this is where those suggestions that were put forward are implemented due to time constraints only one loop was completed this was fine however because it was never designed to be used as a commercial product and was purely based on research.
[image: Diagram
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	Another method that was used for the evaluation of the software was a structured expert review this is where an expert in the area is consulted to rate your system this was used in conjunction with Neilsons 10 usability heuristics[20]. This was done to provide a needed evaluation of the project. 

These methods were chosen due to their many advantages examples of these are the system usability scale this has many benefits especially during lockdown where large sample groups are not practical. The system usability scale also supplies quantitative data and can be used to get an average percentage on how usable to project is for example person ones system usability scale equals 60 and another’s equals 70 the average of these would be 65 which could be interpreted in two ways either as 67% usable or 6.5 out of 10 usable. It can also be analysed to give information on where it is failing the most. By finding the lowest scores on a particular question. By doing this where the project is failing will be clear and a way to solve these issues will be easier. Another method that was used in the project was the use of a rad diagram. Where there are three steps that repeat those are prototype test refine. The advantages to this are that it was used with staff at the university who were the end users for the project this gave insight to what they wanted in the software and could add what they wanted to be included in the software and what fields they needed to be included on the database many articles on the topic of system usability scales suggest not interpreting it as a percentage however and to instead interpret it as a percentile. An example is 0-25 poor 26-50 satisfactory 51-74 good 75+ amazing. By doing this it makes it easier to see how usable the software is. As having a straight percentage for example 67% is not meaningful. This ism why the various different authors of the various articles have stated to use a percentile. 

	For the project a number of software packages were used such as Dreamweaver[19], xampp and mysql these were used as they were the most appropriate for the project due the their many features. Dreamweaver was used for the web development side of the project this was used due to its many features that it has such as autocorrecting syntax and remembering database table names. This is useful as database names are caps sensitive and Dreamweaver has the ability to show he correct format for the table/field names. The project also involved xampp to run server side code to mimic the software being used on a server during testing. This allowed the project to be developed and tested by using the php to make calls to the database and pull and send data to it. This made testing and development easier by being able to test code on the fly without it needing to be live on the internet. MySQL was used as the database structure this was used as it is what natively works with xampp using phpMyAdmin so to save compatibility uses and learning new syntax mysql was the preferred option.
	
Alternatives were considered for the project such as for the web development of the project Microsoft’s Visual studio was considered but, in the end, it was deemed an inferior product for use in this project due to the lack of features that visual studio has compared with Dreamweaver the biggest reason for this decision was the autocorrect feature that was mentioned that Dreamweaver has when creating database queries as it checks them and suggests them. An alternative that was considered instead of xampp the alternative was wamp. However due to unfamiliarity on this software it was decided to use xampp due to this being the preferred option. This option was later proven to be the better choice due to the debugging that is explained later in the report. Also, with wamp the author was unfamiliar with how the files are stored and accessed such as in xampp the files are kept in htdocs while in wamp the location was unknown.  
	
	 

A case study was chosen for the project due to its advantages over other methods that were available and suitable the advantages that were seen as most beneficial was the rich qualitive information that a case study provides and the insight into an investigation for if the software was not completed on time .
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Implementation 

[bookmark: _Toc68801547]Design of database
For the project, a database was needed to store all the data that the project required such as device names their current location nis they are in use and important dates to ensure that the project would have been a success this was done by using a variety of software in the design process. One such software package was lucid chart this was used to create the first draft of the schema as it was a very good visualisation tool. Due to the ability to move the mock-up tables and for all the information such as lines and comments to move at the same time. Alternatives were considered for this purpose such as Microsoft Visio which is a similar software to lucid chart however lucid chart has been more flushed out over its development while Visio has not been added to in some time. 
[image: ]
	The next stage of development was to use the mocked-up schema and to create actual tables for testing. This was done using Microsoft access as this was the easiest and most accessible         program at the time. For this SQL queries were inputted into the table design tab and table by table the database took shape. Once the tables were at a satisfactory level, they were inputted into phpMyAdmin ready to go live once development of the front end had caught up.
	The above choices were made to ensure that all aims, and objectives had been met by doing these tasks the following objectives were met to develop and evaluate a health and safety system and to analyse the requirement for such a system.

[bookmark: _Toc68801548]Second Draft (Post Viva)
	The majority of the design work was completed before the viva and as such improvements to the design that were suggested by the project supervisor and second marker were taken onboard and were implemented into new designs. Some fields were also added such as one suggestion that was to add barcode functionality as this would have made it easier and quicker for the staff using the system by not needing to input as much information to make the desired changes.
	Below is these changes made on the lucid chart diagram.[image: Diagram
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[image: ]Above is the relationship diagram for the project that was written in SQL queries and shows how they interact with each other. For example it shows what tables have many to many or one to many or one to one. The relationships were made by using the command constraint that tell Microsoft access to make them primary or foreign keys and what table to look at to ger the foreign information from.
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For the project a list of goals was given by leigh Thomas health and safety manager for what he wanted to be included in the project these were then broken down into a set of aims and objectives these were used to insure that the project would be a success and that all of the aims and objective would have been met. 
The text box next to this paragraph is showing the code that is used to input details into the database. For this the code was made separately to the main code on a separate php file this was done to make the two easily    distinguishable from each other for debugging purposes. To link the two php files an include statement weas included at the top of the pages code. <?php 
	session_start();
	$db = mysqli_connect('localhost', 'root', '', 'finalyear');


	// initialize variables
	$DEVICEID = "";
	$Device_Name = "";
	$Device_Type = "";
	$Device_Location = "";
	$Date_Entered_Service	 = "";
	$Next_Service_Date = "";
	$Date_For_Replacement = "";
	$BarcodeID ="";


	if (isset($_POST['save'])) {
		$DEVICEID = $_POST['DEVICEID'];
		$Device_Name = $_POST['Device_Name'];
		$Device_Type = $_POST['Device_Type'];
		$Device_Location = $_POST['Device_Location'];
		$Date_Entered_Service = $_POST['Date_Entered_Service'];
		$Next_Service_Date = $_POST['Next_Service_Date'];
		$Date_For_Replacement = $_POST['Date_For_Replacement'];
		$BarcodeID = $_POST['BarcodeID'];
			
	
	


		mysqli_query($db, "INSERT INTO devices (DEVICEID,Device_Name,Device_Type	Device_Location,Date_Entered_Service,Next_Service_Date,Date_For_Replacement,BarcodeID) VALUES ('$DEVICEID','$Device_Name','$Device_Type','$Device_Location','$Date_Entered_Service',	'$Next_Service_Date','$Date_For_Replacement','$BarcodeID')"); 
		$_SESSION['message'] = "Device Added"; 
		header('location: add a device.php');
	}

	The first section of this code is used to make the connection to the database ($db = mysqli_connect) the next part are the host (localhost) the user (root) the password in this case it is blank during testing and finally the database name.  
	 The next section then goes onto initialise the variables that are used on the form so that they can be used and be able to store information ready to be parsed.
	The next section is the if statement that state that if the save button is pressed take what is in the text fields and to insert them into post variables that are stored temporarily.










This section if where those post        variables are inserted into the          database.     	









Here is the page with its completed design and layout 
[image: ]
The user that being the staff of the university enters this information into the form that then creates a row in the database with the information that can later be searched for and edited by key staff if required. The database was set so all staff can add a new device but only select staff will have logins.
[image: ]  
After the user has added the required information, the following then happened to let the user know that it was successful. [image: ] 
The browser then gave the user a notification to let them know if it was successful via a header message. This gives the user feedback so that double entries are less likely by the user not being sure if their device was added this also shows good affordability in the design as the desired outcome has been shown to have worked and the user will know that it was a success. 
[bookmark: _Toc68801550]Overview of pages 
[image: ]
Above is the home screen for the project where there are links for the various pages that users would use for various  uses such as the add a device screen and the various other screens.
[image: ]
Here is the page that staff can view all the devices that the university has in their stock with a search button on the top and bottom of the page so users can search for the devices from both the very bottom and top of the page this will make it easier for the user to view several devices at once. 
[bookmark: _Toc68801551]Problems faced 
Several issues were faced in the designing of the database on such issue that was faced was that the computer that was used for the development of the software xxamp requires port 3306 to be unused but the port was being used by origin which is a games store/DRM service for developers. This was a simple problem but was not easy to know what was wrong. The solution to this was to use cmd and to see what was using the port 3306 to do this. The command for this was netstat -a -b and then used CTRL + F to find what was using port 3306. Origin would not allow to edit this port so xammp was told to use port 3307 in its setting file. 
	
Other issues that were faced that the php code was seeming like it was working but not inserting the fields into the database as the variables could all be echoed onto the website so that the php code was working. Then the connection to the database was checked which showed to be working as a manually added table could be shown on the reading page this showed that the database was connecting okay so the issue was confusing on what was going on in the background. No          obvious problems with the code were visible as the code previously worked and was recycled from an old project and was working at the time currently unsure if previous issues were the blame. 

Another issue that as faces early on was getting the software as there was a confusion on if the university should pay for the software (Dreamweaver) or the author this caused some delays in the implementation part of the project due to talks with various staff due to the time remaining however in the end the software was purchased by the author due to worries on finishing on time. Although this was stressful due to creeping deadlines the project supervisor was constantly giving updates and was full of advice on what to do in the meantime.  

[bookmark: _Toc68801552]Testing 
Testing the add a device page.
[image: ] 
[image: ]
As you can see the page works as it should by allowing the user to successfully input their details of the new device into the system. The banner at the top of the page also worked showing the id of the device that was added. Due to being unable to host the website it will just have to be assumed that the notification on mobile devices works correctly.
[image: ]
Here you can see that the device was added successfully onto the website with no errors and was added successfully. Another page was for a staff member to be able to see all the devices on one page. This page is screenshotted below    

[image: ]
As you can see the device was successfully added. Generic names were added due to the various types of devices that this database will store such as when the next routine check up will be for this example it would be on the 11th of November 2021 the plan once hosting would be theoretically purchased a function would be developed to use this and email staff will be used. The search bars for the page also work in showing the correct devices when searched using the query. Potential issues for this particular method for implementation (PHP) could eb the inherited issues that PHP has such as SQL injection attacks. This was mitigated through the use of the search bar given permissions to only view the devices page this stops a potential hacker from  using an injection attack to gain access to different parts of the system such as staff and company information.
<?php 
	session_start();
	$db = mysqli_connect('localhost', 'searchbar', '', 'finalyear');


 
This is the code used to view the database from the website in short this is the login details onto the server for that page using localhost as the host a username search bar, with no password on the database final year.  
[bookmark: _Toc68801553]design problems faced
Throughout the designing process several issues with the design arose such as the CSS styling for the add a device page as originally tags for the CSS were not implemented to allow for styling this was easily fixed once noticed although tedious due to having to name all the classes with appropriate tags to style them via a style sheet. Another issue that was faced included the way that browsers   handle notifications this was designed so that mobile users would have some haptic feedback so that they would know if their device was added to the database. Another issue that was faced was the devices page not styling correctly this issue was not fully resolved see screenshot below. [image: ]
As you can see the boxes are different in their styling even with the same CSS Styling tags for this the solution was not easy to find. To clarify this issue both boxes hv the same tags and were copied and pasted the image of the magnifing glass. This  also did not show where it should of so a text box was used so users would know that it was a search box button.


     

[bookmark: _Toc68801554]Evaluation
To evaluate the software a System usability scale was used to determine how usable the software was this particular method was used for its ability to get a good idea of how useable a product is with a small sample due to its use on averages as opposed to other methods. An example of this was from a paper by Tullis & Stetson which they found that only having 12 participants in 90% of all cases examined yielded the same results as larger samples [9] this shows that the system usability scale was a good choice especially during the current Covid-19 Pandemic where it is nearly impossible to get a large sample set. 
	
With The System Usability Scale there are a few drawbacks such as it only measure certain parts of usability and should not be used as a “catch-all, end-all measure but simply part of a larger whole” [9].

Due to its use in several projects a good scale has been created to determine how good of a score that it received. In the instructions from the American government that created this method anything above 68 is considered above average and anything below 68 is below average. However even they suggest using a more of a percentile approach.[10]   Thankfully this has already been done by Korthum and Peres in 2015 when they done research on various health care devices and their usability scores.[9] [image: ]   
Here is the scale that they used to determine the usability of the healthcare devices from the system usability scale where grades can be given from the system score. Korthum and Peres went a step further and created a scoring system using the more popular A-F grading scheme. Rather than generic fair good excellent and best imaginable which could be interpreted differently due to the wording.   [9]
[image: ]
Here are the results on a spreadsheet with a total score of 78.33 this puts my system at a grade of a high c if you were to use the scale from Korthum and Peres and Would be classed as good to excellent and if rounded to nearest 10 would be classed as excellent. This shows that there is very little to improve on for this design but still could use improvement.[9]   

[image: ]
Here are the results in a chart where it is clear that the software is usable due to that all the samples are above 50 percent and the majority are clearly over 63% visibly with several samples that are over the 75% line this again shows how usable the project was for the testing sample. 

Throughout the project the aims and objectives were always kept in mind this is reflected in the way that all of the aims and objectives that were set were met as a H&S System was developed and then evaluated in the section above using the system usability scale. The requirements were analysed and broken down into set tasks (allow users to add devices and for staff to see what devices need testing). The system was also tested and implemented so from this the project can be considered successful when compared to the aims and objectives. 
However, some of the original ideas were left out due to technological or skill shortcomings such as GIS was supposed to be a huge part of the project but due to the module not being involved in this year’s syllabus it had to be left out due to a shortage of skills needed. Another issue was that the original task set out by Leigh Thomas who wanted an automatic email to the staff to send reminders for out to date services but due to technological issues this would only be possible if the project was hosted on an online platform and to do this hosting would need to be paid for.    

Another method used was a Structured expert review of the project based on the usability guidelines that were created by Jacob Neilson was also used to determine the projects usability by using his “10 usability heuristics for user interface design. 
	
Overall, the project can be considered a success in the fact that all the objectives were made and on its first draft it scored extremely well in the system usability score which showed that the result was very usable. Below is a table for this that shows each heuristic and comments from the expert. 
	1. Visibility of system status

	For this aspect there is only one example of this which is when the user adds a new device at the top of the screen there is a hint that lets the user know the device has been added.

	2. Match between system and the real world

	 The interface has no examples of unrelated jargon and is both clear and appropriate 

	3. User control and freedom

	 There is no undo button in the system if a typo was to be made there would be no exit strategy

	4. Consistency and standards

	All aspect of the project have consistency throughout and are easy to follow  

	5 . Error prevention

	There is no undo option but the design of the tables does not allow users to enter a date in the wrong syntax. 

	6. Recognition rather than recall

	N/A 

	7. Flexibility and efficiency of use

	N/A

	8. : Aesthetic and minimalist design

	The software has a very minimalist design and has a good aesthetic following with the university’s branding 

	9. Help users recognize, diagnose, and recover from errors

	Worked as should with  no errors occurring 

	10. Help and documentation

	No documentation to support users 


 
  The results in both methods of evaluation agree with each other as the system isnot perfect but is largely usable as there are not many negative comments but there are little issues such as users not being able to backtrack after they have made an error. The current version of the software does not allow this and a staff member would need to delete the incorrect entry. Due to this, this problem will need to be addressed in a later version of the software.


     


[bookmark: _Toc68801555]Conclusions and recommendations 
From the start of the project a set of objectives were set to ensure that the project would be a success these have been mentioned in the report previously but to recap they are – 
· To research into what makes a good H&S system 
· To analyse the requirements for such a system 
· To implement and test an H&S system 
All of these could be considered a success as all of the objectives have been met in some scale as there was research into what makes a good system this was done in the Lit review where Mike Atherton’s report on UI and UX is and Aroura Harleys work on map interfaces. However due to both a time and skill limitation the maps were never implemented in the final project. This was due to the time constraints and that a module on GIS was not run this year by the university which made obtaining the skills  necessary to making this part of the project extremely difficult to implement however even though this part on the project was never completed the objectives were met and did not affect what the goals set by Leigh Thomas excluding the automatic emails this was not implemented due to cost  of making the system as a hosting platform would need to be purchased which was not in budget for the project and wouldn’t have been necessary as a research project. The requirements’ objective was also met as they were given to the author by leigh Thomas who wanted the system to recap. 
[image: ] 
This the original requirements for the project. These were achieved through several different packages for the design and  implementation such as ‘lucidchart’ for the design and Dreamweaver for the web development these were chosen for their  previously chosen reasons in the design and implementation chapter. 

[bookmark: _Toc68801556]Different aspects of the software could be improved upon such as adding the mentioned GIS and along with this the website to have push notifications for the users so that they know that they are at the location and if successful for the web app to not allow users to edit devices they are not physically by. This would prevent a user accidentally adding a incorrect device that had a similar number. The ability to add jobs to a list could also be implemented this would provide the staff with a check list to complete with that day’s jobs. 
	
Other recommendations that could be implemented is to use another system of adding to the database is a fallback so that if there is a known typo the user would be able to rewind and to edit the mistake that they made without needing to contact the health and safety key staff to have that entry deleted. This links to the ten usability heuristics by Jakob  Neilson, specifically number 5 error prevention where users must have a way to correct errors and prevent errors.[20]    

Reflection
To reflect on the project many different skills were improved and learned. One main aspect was completing a project on my own interests not what a tutor wanted me to complete and allowed me to have freedom with the planning and implementation of the project. This project helped me with other modules due to how close other modules are to the research point that the project involved such as the usability engineering module. This module also helped to complete this project with topics such as affordance, metaphor, and human factors. This project also helped me to develop other skills such as PHP and database creation.
	
 If there was more time, I would have completely created the system not just the different individual parts of the software and have all the bits fully implemented for the system. If possible, I would also have liked to be able to have studied the GIS module as this would have given me a better footing for creating the system with all the features that I wanted to implement. I did not see the point in trying to implement this without doing a course on the subject as I would not have known where to start as I have never used any GIS software previously but have wanted to study a module in this subject for quite a while. I also did not want to waste time learning how to implement the GIS which could have caused a delay in finishing the project. 
	
 I would have also done some more research on the various topics that this project incorporated as this would have created a better and more polished product that could have possibly been closer to being market ready and more data for evaluation could have been gathered such as more responses in my survey or asked more people if they thought that all the objectives were met or exceeded. I would have also done more cycles of the rapid application diagram to get as much feedback that was available to me.

The covid -19 pandemic has also greatly affected the project as it would have been incredibly beneficial to have met the staff that would use this system in their daily work to get insight on what they would have wanted to be implemented into the system from their preference. The virus also affected my ability to collect information more generally such as handing out surveys to get bigger samples for the evaluation. Luckily, the method of survey that I chose worked exceptionally well with lower sample groups that was why I personally chose to use the system usability scale as opposed to the other evaluation methods that I could have used. The pandemic also caused issues with software which caused the previously mentioned issue with acquiring the software that I needed to complete this project. Which if I was allowed onto campus would not have been an issue as I would of been able to use open access computers to access this software. The pandemic has also affected the project in other reasons such as I would have preferred to have written this on campus for example in the library as there would have been a lot less distractions as I felt I could never 100% concentrate on the task at hand. 

	To conclude this project has gave me a massive insight on how to complete a project for my working life with minimal outside help excluding my supervisor of course as well as the above reason in the first paragraph in the section. It was also my first ever experience in choosing a topic of my own choosing. This mad the project a lot more enjoyable as it was in an area of my preference.   
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Appendix

Results from system usability scale 
	Timestamp
	I think that I would like to use this system frequently.
	I found the system unnecessarily complex.
	I thought the system was easy to use.
	I think that I would need the support of a technical person to be able to use this system.
	I found the various functions in this system were well integrated.
	I thought there was too much inconsistency in this system.
	I would imagine that most people would learn to use this system very quickly.
	
	I found the system very cumbersome to use.
	I felt very confident using the system.
	I needed to learn a lot of things before I could get going with this system.
	SUS Raw score
	Sus final score 
	Average of all 

	3/30/2021 11:40:19
	4
	3
	3
	2
	3
	2
	4
	
	3
	5
	2
	27
	67.50%
	78.33%

	3/30/2021 11:41:18
	3
	2
	4
	2
	4
	1
	4
	
	1
	4
	2
	31
	77.50%
	

	3/30/2021 11:43:35
	4
	3
	4
	2
	3
	3
	4
	
	3
	3
	2
	25
	62.50%
	

	3/30/2021 11:54:27
	3
	2
	5
	3
	4
	1
	5
	
	2
	4
	1
	32
	80.00%
	

	3/30/2021 12:46:28
	2
	1
	5
	1
	3
	3
	5
	
	3
	5
	1
	31
	77.50%
	

	3/30/2021 17:55:51
	5
	1
	5
	1
	5
	1
	5
	
	1
	5
	1
	40
	100.00%
	

	3/30/2021 21:50:39
	4
	3
	5
	3
	5
	3
	5
	
	3
	3
	3
	27
	67.50%
	

	3/30/2021 22:01:24
	4
	2
	4
	2
	4
	2
	4
	
	2
	4
	2
	30
	75.00%
	

	3/31/2021 14:17:57
	3
	2
	4
	1
	4
	2
	5
	
	2
	4
	2
	31
	77.50%
	

	3/31/2021 16:44:35
	4
	2
	4
	1
	4
	2
	5
	
	2
	4
	1
	33
	82.50%
	

	3/31/2021 16:44:40
	5
	1
	5
	1
	4
	2
	4
	
	3
	5
	2
	34
	85.00%
	

	3/31/2021 16:47:42
	5
	2
	4
	1
	5
	1
	5
	
	4
	5
	1
	35
	87.50%
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