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Abstract  

The overall aims of the project are to investigate currently used online computer science learning tools, and to apply the findings to develop an effective learning application. This is achieved through conducting a literature review to study the different areas of the learning process. The main finding of this review is the importance of the learning content and the usability of the application towards providing an effective learning experience to the user. The findings of this literature review are compared to a completed primary research in the form of a questionnaire. This finds that users rate their experiences with their use of online learning platforms as average. The development of the application is described and tested in full and is then compared against design criteria. This provides the conclusion that the application is effective in its educational ability.  
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[bookmark: _Toc70113476]Chapter 1- Introduction 

The purpose of this project is to develop an online learning application that improves user enticement and engagement whilst learning to code. A study shows that ‘programming is the aspect of computer science in school which is perceived to be the most challenging’ (1). The aim of this project is to investigate the current online computer science learning tools, and to use these findings towards the development of a new and effective application. 
To achieve this aim, project objectives have been set including the conducting of a literature review to gain insight into the topic area. Primary and secondary research will be conducted with the intention to evaluate, compare, and reflect the data to see if they correlate. Also, an online learning application will be developed to attempt to solve the problem identified. Finally, a feedback form will be produced to establish future improvements for the application. 

[bookmark: _Toc70113477]Chapter 2- Research & Review of Literature 

[bookmark: _Toc70113478]2.1 Introduction 

This literature review will aim to look at the various topics surrounding online learning and its effectiveness in education. The topics of discussion include studying how effective online learning is towards education, methods of online learning, risks of online learning, what coding language to teach, current tools and technologies available, government initiatives, gender imbalance in computer science, and application usability. 

[bookmark: _Toc70113479]2.2 Is Online Learning Effective?

Online learning has become increasingly popular in today’s age, especially due to the recent pandemic which has left millions of educational institutions with no choice but to teach digitally.  However, with this increased popularity, the question asked is whether 'online education is effective in getting students the information they need' (2). There is an ongoing debate about whether online learning improves learning. Clark believes that 'technologies are merely vehicles that deliver instructions' (3), and in themselves do not influence student achievement. Schramm supports Clark's theory that learning 'is influenced more by the content and instructional strategy' (3). An assumption can be made that the learning content is more important than the content’s delivery towards making online learning effective.  

The benefits of using online learning include the ability to remotely access course material and that 'online learning knows no time zones' (3). Rovai believes the effectiveness of learning is not based on these benefits, but rather supporting previous theories that the 'course design determines the effectiveness of the learning' (3). This supports the conclusion that the e-learning content is fundamentally what affects the quality of learning for the student. Kirby and Boak argue that online learning effectivity is based on the learners 'strong sense of internet efficacy that enables them to effectively adapt to the requirements of working in this environment' (4). This argument supports the previous findings, as Kirby and Boak believe effective learning is based on previous experience rather than the execution of the learning tool.  

Further research shows that students are keen ‘to enrol in the type of course that will be the most effective’ (5). This introduces the idea that students are interested in self learning. IBM support online learning with a study that shows ‘participates learn five times more material in online learning courses’ (5). They believe that this is because of the use of multimedia content, which supports the findings of Clark previously mentioned. Another study shows that online learning is the greener option compared to traditional courses, with ‘90% less energy and 85% fewer CO2 emissions per student’. This suggests that online learning could become essential in the future due to its sustainability. 

Online learning according to Illinois University has the benefits of providing a 'level playing field' (6), as discriminating factors are largely absent and access to resources is easier. These factors play a significant part in the quality of education the student obtains. The ability to access resources that may be physically located anywhere can allow for better and 'creative teaching' (6).  
With most advantages there are also disadvantages, and this is no expectation for online learning. A study shows that 'online courses require more time than on-campus classes' (7). Montgomery College believes that this is because the 'online environment is text-based' (7). The college also assumes that online courses make 'it easier to procrastinate' (7). This statement is supported by Illinois Online Network, who believe that 'online learners must exhibit self-discipline to be successful' (8). However, the Research Institution of American found that ‘online courses have increased student retention rates from 25% to 60%’ (5). A conclusion can be made that the effectiveness of online learning is based upon the individual's motivation to succeed. 
 
[bookmark: _Toc70113480]2.3 Methods of Online Learning 

There are multiple methods to online learning, both synchronous and asynchronous methodologies are chosen by educators. Harvard education believes the best approach to online learning is a mixed method of synchronous and asynchronous (9). This is interesting as originally the idea behind the teaching application was to make it completely asynchronous, however using a mixed method may 'heighten interactivity' (9) and promote students to engage with educators more. The importance to involve collaboration between students and teachers is essential, as it is said to 'build a sense of community and shared purpose' (10). It seems user engagement and activity are heavily reliant on communication between both parties. 

Online learning methods are said to be most effective whilst 'employing multimodal strategies' (11). The variety of choices to online education can take many shapes including technology systems, media modality, instructional approaches, and temporal arrangements. The difficulty behind online learning is said to be 'how to craft the experience for your diverse students' (11). An assumption can be made that the approach to teaching must be carefully considered and tailored to the target audience. 

Hakan Tuzun provides in-depth details on the dos and do nots of online learning. Hakan believes only ‘presenting video clips of a lecturing instructor in an online course’ (12) is bad practice, as it leaves the learner in a ‘passive state’ (12). This is supported by Doubler, Grisham & Paget who believe online learning should be shifted from ‘delivering to listening and supporting’ (12). This contradicts the previous literature as it suggests the deliverance of online learning is important to its success. Bruner highlights two kinds of knowledge in the learning process, ‘knowledge as detached, which is meaningless, and knowledge as a guide to purposeful action’ (12). This suggests that the learners’ skills will not improve until they use the knowledge for a meaningful purpose. Dewey supports the ‘importance of experience in learning’ (12), with the opportunities for learners to show what they have learned in the online experience. Another method of online learning suggested by Dewey is ‘trial and error in experiences’ (12). This method is when learners continuously perform a task until it works. 
 

[bookmark: _Toc70113481]2.4 Risks of Online Learning 

The internet fundamentally has an impact on the way people ‘interact in society and the way educators work in schools’ (13). Making it essential that the risks and effects of using these types of technology are assessed. Cristian Pop-Eleches from the university of Columbia believes that the negative consequences that are associated with long periods of computer use include ‘repetitive strain injuries, eye strain, and increased risk of obesity’ (14). This suggests that the application should be segmented into shorter tutorials to prevent long periods on the computer. However, Cristian also suggests that working on computers will ‘lead to better labour market outcomes as an adult’ (14). An assumption can be drawn that although there are negative effects of using the computer, it alternatively has its benefits. 

A common effect according to Dr. Gardiner of using a computer for too long is eye strain. Gardiner suggests the effects can lead to the user having ‘difficulty focusing on the text and images on computer screens’ (15). This is supported by the London Clinic who states the ‘most common cause of eye strain today is from computer use’ (16). The clinic also suggests that this can be caused by flicking images, small images, and no breaks. This information informs me that the application layout and time of use must be carefully considered to prevent such effects from occurring.  

Another negative effect of using a computer for a long period as previously mentioned is RSI. The NHS believes that RSI is commonly caused by using a ‘computer, keyboard, and mouse’ (17). They also suggested preventing such injury that users should take ‘short regular breaks’ (17). The London pian clinic supports this by conducting research that showed ‘60% of IT professionals, who spend more than eight hours a day on the computer, are likely to suffer from the symptoms of RSI’ (18). An assumption can be made that to prevent upper limb disorders whilst using the application is to make sure tasks are short. 
 
[bookmark: _Toc70113482]2.5 What Coding Language to Teach?

Programming is the art of creating a process with a set of instructions to tell a computer how to complete a task. A user's first programming language ‘will have a profound impact’ (19). It will subjectively affect the style and quality of a learner’s work. Csponline believes Java is the number one language to learn due to it being the most popular, they stated from research that the ‘language is installed on more than 97 percent of enterprise desktops’ (19). However, they do also highlight the language is difficult to learn. Yu-Tzu Lin believes this is because of its ‘complex syntax’ (20) that can propose difficulty to novice learners. This suggests although the language is extremely popular it may not be suited to entice new students to code. On the contrary further research found that ‘Java has in recent years become the most influential programming paradigm, which is being taught to undergraduate students of CSE and IT’ (21). Iain & Glen believe that learning java the student must have a ‘clear mental model of how their programming is working’. This suggest that the language is teachable to beginner programmers. 

Another language according to Shahadat Rahman that is one of the most popular programming languages of the 21st century is Python. Rahman believes python provides a simplistic ability to perform tasks with less code, this is supported by code academy who believe the language is ‘concise and easy to read’ (23). Rahman does suggest however the language is too simple and ‘lacks elements of object-oriented programming’ (22). Although python has benefits due to its simple syntax it also has drawbacks that may stop further progression for learners. Nicholas H. Tollervey suggests that the language is so popular due to there being ‘lots of resources for learners of all ages and levels’ (24) and it is affordable to attain hardware. Tollervey highlights pythons ‘plethora of libraries’ (24) that allow applications to be created that address different subject areas. This suggests that there is information available if learners get confused. 

Alternatively, another programming language that is extremely popular according to Paul Wick is visual basics. Wick suggested that basics ‘played a key role in attracting millions of developers to every major Microsoft platform’ (25). Wick also describes the language as being designed for both ‘first-time programmers and experienced programmers’ (25). This suggests that the language can scale accordingly to fit the learner’s level of experience. VBTutor also describes the meaning of the word BASIC as ‘Beginners' All-purpose Symbolic Instruction Code’ (26). A conclusion can be drawn that this programming language is user friendly and fits the needs of a beginner programmer. 

[bookmark: _Toc70113483]2.6 Current Tools and Technologies Available?

There are countless online applications available for teaching programing. These applications are becoming increasingly popular as choices to use with educational institutions. The applications available cover mostly all the main coding languages used in industries. The examples below are considered within the top 10 choices of learning code websites available in 2021 according to Kevin Wood (27). 

[bookmark: _Toc70113484]2.6.1 W3Schools 

The first online learning application to review is W3Schools. W3Schools has a simplistic interface with a great deal of tutorials and information at a learner’s disposal. Brain Wong believes that the tutorials benefit learners ‘who are looking to understand how the programming languages work’ (28). He also believes the application is so successful because of its ability for users to ‘pick & choose which tutorials and examples to study’ (28). This correlates with W3Schools aim to ‘practice easy learning’ (29) for its users. However, this application does not have any unique elements of use, making it not stand out as a prime choice of learning tool. From further review, W3Schools provides good usability meaning the interactions are ‘natural and intuitive where possible’ (30). Below is an example of the interface when trying to learn Java programming language.

 [image: ](29) 


[bookmark: _Toc70113485]2.6.2 CodeAcademy  

Code academy is like W3Schools with it being a free to use, code learning application. However, this application offers personalized accounts, allowing users to save progress whilst learning to code. This feature can be considered useful as Sean M. Stone believes ‘saving digital information has become an everyday facet of human behavior’ (30). The website application allows free roam of its resources allowing users to enroll on specific courses. However, from reviewing the navigation and usability of the application it seems clunky and confusing at times.  Anthony Grant believes that the Code Academy course does not ‘teach you to think like a coder’ (31), mainly becomes it doesn’t apply tutorials to ‘real life problems’ (31). This is supported by Gachr who states ‘you can’t experiment, you only have closed environments and tasks’ (32). A conclusion can be drawn that CodeAcademy does not allow users to express and develop their programming skills freely. 

[bookmark: _Toc70113486]2.6.3 Solo Learn 

Solo learn is another code learning online application. Like the other applications reviewed, solo learn offers a free choice of coding language to learn. The application teaches students differently in comparison to W3Schools and CodeAcademy. It follows a learning hierarchy meaning the learner must ‘first master a set of lower-level intellectual skills that are prerequisites to the higher order skill’ (33). This method of learning is supported by Bernhard Hengst as he believes that the advantage ‘of hierarchical decomposition is a reduction in computational complexity’ (34). This method of learning ensures beginners learn productively without missing key-stages in their development. However, In Jakob Nielsen’s principles of design he believes ‘users to remain in control of the system’ (35). This suggests that users can become stuck and frustrated whilst trying to use Solo Learn as a learning application. Below is a screenshot of Solo Learns learning structure. 
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[bookmark: _Toc70113487]2.7 Government initiatives  

The Government believes that ‘the fast paced world of technology is constantly evolving’ (37). They conducted a study that showed ‘1.2 million more people with specialist digital skills are needed by 2022’ (37). This suggests that the importance of developing accessible applications to teach students how to refine and develop computing skills are needed. The Government aim to maintain ‘the UK’s position as a leading global digital economy’ by developing and improving students learning environments. Other government initiatives include ‘introducing children to skills like computing and coding from an early age’ (38). This is part of their plan to ‘ensure Britain is the place to learn to code’ (38). This supports the projects’ purpose of developing an application for beginning programmers.  

The Government wishes to ‘replace the old ICT program of study” (38), by teaching children how to code, develop programs and understand how a computer works. This suggests that there is a need for teaching code applications. Further research shows that the government is funding computing hubs, for ‘teachers who want to improve their knowledge of computer science’ (39). This supports the previous statement to ‘ensure Britain is the place to learn to code’ (38). This strengthens the theory that the need for learning applications is needed more than ever. 

The Government state that ‘computer science students must develop practical programming skills’ (40). Further saying these skills must cover the ability to ‘design, write, test and refine computer programs’ (40). This supports the development of the online learning application as it aims to cover these skills. The Government conducted a study by interviewing computer science students on their educational experiences. The study showed the courses ‘had not always adequately prepared them for the working world’ (41). It also showed that students only took the course because ‘they would be in high demand from employers. This research suggests that the current learning tools and technologies are unjoyful to use, with students only taking the course for job security. 

[bookmark: _Toc70113488]2.8 Gender Imbalance 

Gender imbalance in the computer science industry has always been questioned. From the literature found there seem to be more psychological factors at play than originally thought. Studies conducted by Rasmussen College found that ‘less than 20 percent of bachelor’s degrees in Computer Science and Engineering are earned by women’ (42). The reasoning behind this is due to social barriers according to the frontiers in psychology. The study suggests women choose not to ‘pursue Computer Science because they believe stereotypes about the kind of people who work in the field’ (42). The study is alarming and implies that significant changes are needed to neutralize any gender bias that may be involved in computer science.  
 
Ellen Spertus suggests that the number of women in the industry seems to be ‘increasing at a slow rate or even decreasing’ (43). Spertus believes this is down to women being conscious of being treated differently from men. A study was conducted to assess if teachers played an impact on advising the learner's career path. The study showed that ‘many women felt they had been given inadequate advice on careers’ (43). Spertus suggests that this could be caused by social issues, with it beginning in a female's childhood. This information suggest that women are not pursuing a computer science career path due to stereotypes and the lack of information provided by their learners. 
 
These findings are contradicted by Reges, who from using data from the Digest of Education statistics found that ‘computer science has gone through boom-and-bust cycles among undergraduates’ (44). With both male and female students in the field going up and down at the same time. This suggest that gender imbalance is more linked to general views of computer science. Reges all states that ‘faculty members have reached out to women with the potential to succeed’ with these efforts have grown the number of women in the field. A conclusion can be made that gender imbalance in the industry is a difficult topic to cover. However, with this information a neutral approach can be made to the development of the application, that suits all gender types. 
 
[bookmark: _Toc70113489]2.9 Application Usability  
 
With every application developed, usability for the user interface design needs to be considered. Jakob Nielsen believes usability ‘is a necessary condition for survival’ (45). Nielsen believes with the use of usability principles improves ‘how easy user interfaces are to use’ (45). This contradicts my previous findings from Clark who believed content is more important than all. Nielsen also states ‘if a website is difficult to use, people leave’ (45). The project's purpose is to entice and engage with new learners, so if true usability of the application needs to be considered for the project to be a success. Ben Schneiderman supports Jakob Nielsen’s beliefs as he believes a good usable application needs a ‘great, productive and frustration free user interface’ (46). This suggests that usability plays a key part in the success of an application.
 
Further research conducted by the Management Research News, showed ‘ease of use was the criteria that the respondents considered most important’ (47) whilst choosing their application. Steve Wallace suggests that ‘cultural differences’ need to be considered when designing an application. This is important as the application aims to attract a wider variety of users. An assumption can be made that the online learning application needs to be catered carefully towards all target audiences. According to UnixWare, ‘clear communication between the user and the computer is the working premise of a good UI design’ (48). A conclusion can be drawn that although content is important for the success of the learning application, usability also plays an important part overall. When designing the application, the use of design principles will be used. 
 
[bookmark: _Toc70113490]2.10 Conclusion 
 
In summary, the literature suggests online learning is becoming more of the norm in the world of education and that educators have started to adapt to different methodologies to provide the best teaching experience. The literature also confirms that the deliverable is only as good as the content provided and that it take a multi-strategy approach to convey vast information. Also, the review established the risks of computer use and the mitigation methods to be put in place whilst using the application. The literature review also acknowledged that the language of coding to teach is subjective and can be chosen based on preference. The literature review also provided a comparative view on current code learning applications available, allowing the evaluation of both strengths and weaknesses of each. The review allowed a better understanding of the potential reasoning to gender imbalance in computer science and if the learning application itself affects this. Finally, the literature review provided an insight into application usability importance and its role in making an application engaging and enticing to use. 
 
To conclude from the sub-topics, the application to be created will be in the form of a website application using NetBeans. NetBeans has been chosen as it allows a multi-strategy approach to be used and I’m comfortable developing the application using this software. The application will also regulate user use time by created short tasks. The literature suggested that the content included is vital in the success of the application, so the application will involve study sections to go through with lectures and then a multiple-choice quiz with the ability to verify selected answers to provide a sense of achievement. The application will perform this by comparing the student's answers with those stored within the application. The Application will teach users how to code in Java and when designing forms usability principles will be adopted. The application won’t be gender specific and will aim to fit the needs of its target audience (New computing students). 
 


[bookmark: _Toc70113491]2.11 Primary Research 

To expand my knowledge on the current and old teaching methodologies of computer science, I decided to conduct a questionnaire. The questionnaire was devised into 8 questions involving both quantitative and qualitative questions. I took the mix method approach to ‘provide stronger evidence and more confidence in the findings’ (49). The questionnaire was given to a sample size of 10 graduate computer scientists.  The purpose of this questionnaire was to find out, what attracted them to computer science and to see if they had any suggests related to improving a beginners first experience. This would hopefully better the outcome of the project. 

The first finding from the questionnaire showed that 80% of the respondents, had an initial interest in the subject field. The question was open-ended allowing me to select keywords forming them into discreate categories of data. Keywords such as hobbies and fun were amongst the most common used words. These findings contradict Ellen Spertus research of women being treated differently, as none of the respondents mentioned being advised by a teacher/parent to take the path of a computer scientists. A conclusion can be drawn that influential factor to taking computer science as a subject, may not be as gender specific as first thought. 

Another question in the primary research, was the learning application enticing? Again, this questions aim was to evaluate current technologies, to adapt their positives to my own application. The question was closed ended, the questions outcome was, that most respondents experienced was average. An assumption can be created that applications were not enticing and joyful to use. This supports the literature of Hakan Tuzun, as the respondents seemed to be in a ‘passive state’ on their first coding experiences. The next question with notable responses, was to rate your learning experience out of 5. To analysis the results I found the average from the respondents to be a 2. This outcome confused me, as it drew a conclusion that initial experiences does not change a learner's mentality towards becoming a computer scientist. The next question with adequate responses, was what learning tools you have used and your thoughts on them. I had a lot of mix responses for this question, some unusable, which I believe was down to the wording of the question.  However, a lot of respondents mentioned they have used W3Schools and Code Academy during the duration of their education. With keywords such as ‘easy learning’ being used by most. This supports W3Schools goals of having an application that practices easy learning. I could conclude that taking the best elements from each current technology tool and putting them into one application, would be most beneficial to the outcome of this project. 

Another question that provided insightful knowledge was what features of the online learning applications did you like the most? The responses were analysed into keywords, the main responses all concluded towards usability. Respondents believed that by having an application that was easy to navigate and covered the main usability principles, benefited the learners experience. This was interesting as it contradicted Clark's suggestion that content is more important than the deliverable. However, when designing the application, I feel both are equally as important and will be carefully considered. Another keyword was feedback, it seemed respondents like the element of feedback with most stating it allows trial and error when learning. This supports Dewey’s research from the lit review with trial and error being a good method of online learning. 

The last question to mention was what improvements would you make to the online learning tools? The purpose of this question was to have a range of perspectives on how to improve online learning. The responses were insightful. A lot of the respondents suggested making the learning more interactive, during learning. This supports the findings from the literature review that by heighten interactivity, improves students learning. Other suggestions included make the user interface ‘enticing’ and start from the very basics of coding.  
[bookmark: _Toc70113492]Chapter 3- Methodologies 

[bookmark: _Toc70113493]3.1 Research Methodology  

[bookmark: _Toc70113494]3.1.1 Philosophy 

Positivism will be used during research as it ‘adheres to the view that only “factual” knowledge gained through observation (the senses), including measurement, is trustworthy.’ (50). This philosophy will be used to strengthen the validity of the research as its back with evidence to support findings. The data from using a positivism approach is also known as empirical evidence, meaning positivism is based on empiricism. This philosophy has its advantages one being data is quantitative. Although qualitative data will be gathered during this project, it will be converted into quantitative data as its easier to analyse and scientific assumptions can be drawn. Another advantage of using positivism is its structure, as it follows specific laws and rules, there is minimum room for error. This is beneficial to the project as the aims and objectives are more likely to be achieved. However, using positivism as a research philosophy has its drawbacks. A Major drawback is while conducting research human emotion and behaviour must be disregarded. This will be difficult as ‘human behaviour naturally comes with human responses’ (51). To prevent this, I will need to careful considered research sources without inputted any biased behaviour. 

[bookmark: _Toc70113495]3.1.2 Approach  

The approach chosen is deductive and has been applied during the research process. The approach will allow me to assess current studies or theories and determine a suitable application based on hypotheses from these theories. The benefits to using this approach is research findings can be generalised, meaning relationships between concepts and variables can be explained. This is beneficial to the project as the approach ‘goes straight forwardly to the point and is time saving’ (52). However, Hammond believes that deductive research assumes that ‘all disciplines in natural science function the same way’ (53) when they do not. When developing hypotheses this must be considered. 
 
[bookmark: _Toc70113496]3.1.3 Strategy 

Case studies will be the strategy chosen for this project because it involves ‘up-close, in-depth and detailed investigation of a subject of study’ (54). The case studies can be used to ‘explain, describe or explore events or phenomena in the everyday contexts in which they occur’ (51). This strategy can be utilized amazingly due to the sheer number of case studies available for this project. A benefit of using case studies would be it turns opinions into facts, this is important as the research process is taking a positivism approach. Another benefit of using case studies is it involves several different research methodologies; this is beneficial to the project as questionnaires will be used. Case studies also offer accessibility to readers, meaning data is formatted for readers to note the outcomes. However, case studies do have their limitations, this being it takes longer to analyse data. This limitation can be managed by giving the research process more allocated time. 


[bookmark: _Toc70113497]3.1.4 Time Horizon 

Longitudinal will be the time horizon as the application will be prototyped and developed over a long duration which during this time changes will be monitored accordingly. This method allows for future improvements in the iterations during the application development. Longitudinal studies will offer extreme flexibility. This type of time horizon benefits the project as online learning methods are changing frequently, but by examining the same area over a long period of time, allows changes to be made throughout the project's life. However, using longitudinal studies has the drawback that participates may drop out over time. To minimise this risk the testing will be conducted using iterative testing, decreasing the number of participants involved with the project. 
 
[bookmark: _Toc70113498]3.1.5 Data Collection 

The collection method will be in the form of a questionnaire using the mixed-method approach. This will allow both qualitative and quantitative data to be collected and the capability to assist the development of the application based on the data gathered. Questionnaires have been chosen as the data collection method because they are cost effective. They also allow the project to gain data from a target audience. Another benefit of questionnaires is they provide fast results, with the project having deadlines to meet this is important. However, using questionnaires has drawbacks, for instances incorrect feedback. This can ruin the validity of the responses and the project. To mitigate this risk questionnaires will be given out to a specific target audience who can relate to the questions being asked. Additionally, a big enough sample size of participates will be chosen with consideration of incorrect feedback. 

[bookmark: _Toc70113499]3.1.6 Evaluation Criteria 

To evaluate the projects outcomes, I have devised a set of project requirements. They were created based of both the primary and secondary research outcomes. Below are the evaluation criteria: 

· To ensure the application provides ease of learning.  
· That the application provides interactivity throughout the learning aspects. 
· The application offers trial and error elements, and feedback is provided. 
· To ensure tasks are short to complete. 
· The application offers user freedom and control. 
· The ability for unique user accounts. 
· That consistency and standards are applied throughout the application.  
· The implementation of error prevention methods 

[bookmark: _Toc70113500]3.1.7 Methods of Testing  

For this project, functional testing will be conducted, that involves, unit testing, system testing, usability testing and acceptance testing. 

Unit testing is the testing of ‘the smallest piece of code that can be logically isolate in a system’(55). This form of testing was chosen as it identifies bugs quick and easily. Furthermore, saving time, allowing more development of the application. This form of testing also allows code to be reusable and reliable as its clean and efficient. 

System testing is the testing of a system. This form of testing is crucial to the project’s success as it checks to see if the everything is functioning as expected. System testing is useful as it verifies the system against functional and technical user requirements. This testing stage will also find large defects that other forms of test will not be able too. However, this type of testing is time consuming. Enough time needs to be allocated to system testing, to ensure it completed correctly. 

Usability testing is the testing of how easy something is to use, by using real users as the testers. This form of testing creates a direct communication with the target audience. It also highlights potential problems before product launch. This type of testing also gives the opportunity to make further changes to improve user performance and satisfaction. 

Acceptance Testing is the technique performed to see if an application has met the requirement specifications. This form of testing will verify if the application complies with in delivering user requirements to end users. This form of testing will reduce the risk of defects occurring when application goes live. 
 
[bookmark: _Toc70113501]3.2 Development Methodology  

Feature Driven Development will be used for the development of the application as the project is long and continually changing. By using FDD provides a better understating of the projects scope and context, hopefully resulting in better project outcomes. FDD’s software development is based of making progress on features. With the online learning application, involving loads of different features, this development methodology is more than suitable. Using FDD will minimize complexity with the development of the application, as it breaks down projects into smaller components. 

[bookmark: _Toc70113502]3.2.1 Software 

The software chosen includes Windows 10 OS, which will allow the application to be used after development. Windows 10 OS was chosen as it is important for an operating system to be updated. Using out of date OS systems can lead to malicious attacks, affecting the overall outcome of the project. NetBeans will be the IDE program for building the application. NetBeans is one of the more comfortable IDE languages I have used, with it also offering the ability to make web applications. I have also chosen this IDE as it uses the coding language Java that I prefer to code in. NetBeans also has a range of libraries and resources to support me throughout the development of the project. The last type of software to be used are DAT files, this will act as data storage for user details. I have chosen this form of storage as it is easy to use and convenient when calling upon the stored data. 

[bookmark: _Toc70113503]3.2.2 Hardware 

The hardware chosen to develop the application is powerful enough to run the application after the development has been completed, the hardware includes a CPU – i5-4690K, a GeForce GTX 1050 TI, 1TB of storage, and finally 16GB of RAM. The computer hardware here is more than capable of editing and running text files. The computer also has plenty of storage to store user records in the thousands. If additional space is needed, additional SSD drives can be implemented. The CPU used provides fast processing, that translates into increased productivity and efficiency whilst developing the application. 
 
[bookmark: _Toc70113504]3.2.3 Materials and tools 

NetBeans IDE was the chosen package to develop the application, firstly because it is free. The IDE also simplifies the development of web applications that use java. This made it more than a suitable choice as the language being taught in the application is java. The IDE also has ease of use features such as auto completion of code, making the development process more efficient. Another feature NetBeans offer is its ability to run server-based applications easily. This provided a user like experience as if the application were live, this would be beneficial the applications development. The last reason of using NetBeans is, as previously mentioned, the abundance of resources available to aid the development of the application. 
 
[bookmark: _Toc70113505]Chapter 4 - Design & Implementation  

[bookmark: _Toc70113506]4.1 Design 

[bookmark: _Toc70113507]4.1.1 Project Requirements 

The project requirements for the development of the application derived from both the primary and secondary research outcomes. Both methodologies of research provided insightful information on the elements necessary to making a good online learning application. The research also elaborated on what does not making a good online learning tool, reducing the chance of the project being a failure. The project requirements are as follows: 

· To ensure the application provides ease of learning.  
· That the application provides interactivity throughout the learning aspects. 
· The application offers trial and error elements, and feedback is provided. 
· To ensure tasks are short to complete. 
· The application offers user freedom and control. 
· The ability for unique user accounts. 
· That consistency and standards are applied throughout the application.  
· The implementation of error prevention methods 


[bookmark: _Toc70113508]4.1.2 Data Flow Diagram  

I decided to create a data flow diagram, to represent the flow of data across the login system. This would allow the user to gain a better understanding of the limits within the system. The use of the data flow diagram allows the system to be understood by both technical and non-technical users. Below is the 0-level DFD. 

[image: ] 

As you can see from this level 0 DFD, it explains how the login system would work with a single process. The next level 1 DFD will decompose the context diagram into multiple processes, to explain the flow of data within the login system. 
[image: ] 
As you can the login system has been decomposed into multiple processes, with the sign-up process being added for new users. The level 1 DFD also shows the storage for the login details, which is used to store and call upon data.  It also shows that when a new account is created the details get stored in the data storage ready for the user to login. 

[bookmark: _Toc70113509]4.1.3 Logic Flow Chart 

The next system model created is a flow chart, the purpose of this flowchart was to streamline the processes of the application without the use of technical jargon. The flowchart was extremely useful in defining a start and end point for the learning application. The flowchart also allowed an evaluation of certain processes, to see if any changes were necessary to improve the systems flow. Below is the logic flow chart for the online learning application. 
[image: ] 
As you can see from the flow chart, there is a clear structure into how the application should work. The flowchart was used as a comparative tool whilst building the application. It improved code efficiency as it acted as a type of blueprint for the development process.  

[bookmark: _Toc70113510]4.2 System Interface 

I decided to develop mock-ups for my learning application, as it provides an overview of what the final product aims to look like. Developing mock-ups also allowed me to explore design decisions, before starting to write the code. This part of the system design plays an important part in the success of the application, as from the primary research usability plays a huge part in the success of online learning applications, therefore by laying the design out I could ensure this criterion was achieved. 
[image: ] 

This is a mock-up of the login form. I decided to keep it simple, but recognisable. This would be to ensure new users would know what to do when first visiting the application. The colour scheme of the application follows an off orange/blue scheme, this is to relate to the java logo colours. 
 
[image: ] 

This is the sign-up form; it requires users to enter the most basic of user information. This is because user information is not really needed throughout using the application. However, having a sign-up form provides a user a customised feeling, making the experience more memorable to them. 
[image: ] 

This is a mock-up of what the main menu aims to look like, it involves two feature buttons, learn and test. The form also allows users to sign out of there account when finished. As you can see the forms are following Jacob Nielsen’s design principles with ‘error prevention’. 

[image: ] 

This is the mock-up of the learning form, that appears after the learn button is selected on the main menu. The form offers a wide variety of different topics to study. The form also provides a back button, which takes you back to the main menu, as you can see, I have kept consistency with the colour scheme throughout the mock-ups. 
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This is an example mock-up of what the learning topic forms will look like, it will give a short lesson on the topic. The form also allows users to go back to the learning form or continue studying the topic chosen. 

[image: ]
 
This is the practice form that follows on from the previous form when selecting next. The purpose of this form is to practice skills learnt from learning. There is a submit button that provides feedback to learners based of their answers. This form is mirrored though all topics of learning in the application. 
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This is the mock-up if the user were to select the test button on the main menu form. It will act as an introduction page to the quiz. 
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This is the quiz question format that will be multiple choice. The students can check their answer and submit to go onto the next. 
[image: ] 

This is the results mock-up that will provide users with the number of questions they got right. It also allows users to take the quiz again or finish and go back to the main menu. 

[bookmark: _Toc70113511]4.3 Implementation 

[bookmark: _Toc70113512]4.3.1 Problems and Successes 

During the development of the online learning application, there were noteworthy problems and successes. A main problem to highlight was how to validate the first two inputs in a text field. I have only done basic java validation, so originally, I did not have a clue. This problem wasted a significant amount of time, however after looking at forums and tutorials I found a solution to the problem. Although this problem did waste time, I would consider it a success also. This is due to the research conducted to find the solution, provided much more information on other validation techniques that could be used throughout the application. 

A success in the coding of the application, would be the login and sign-up system. I have previously designed login and sign-up systems, so I did not expect this section to take long. It went smoothly with the features being feature tested, almost immediately using the feature driven development methodology. This saved time that could be allocated elsewhere. Another problem that I encountered whilst developing the application was how to code a score system. The test needed a way for users to measure their knowledge, so it was important this feature was implemented. This section of code took ages, resources were limited and not very insightful. Eventually I found a way, to allow scores to be carried across each question using global variables and counters. 
 
[bookmark: _Toc70113513]4.3.2 Unit Testing 

The first testing to be carried out was unit testing. This type of testing was carried out primarily after each feature was development and undertook the feature driven methodology. Unit testing allowed the capabilities of testing individual bits of code the see if their excepted outcomes correlated with the actual outcomes. The unit testing was conducted using a testing table. The table included test data such as, test name, test number, test type, expected results and the actual results. If the the actual outcome were not the same as the expected outcome, changes would be made accordingly with the test number being retested. However, if the expected outcome correlates with the actual outcome the next feature can be tested. 

[bookmark: _Toc70113514]4.3.3 System Testing 

The next type of testing to be carried out was system testing. This testing allowed the system to be tested end to end, it also performed functional and non-functional testing elements. Like unit testing, a test plan was devised. The test data was used to verify the interaction between all the system components, to see if they provided expected outcomes. If a system test outcome did not match the expected outcome, the relevant changes were made and the test retested. This reduces the number of issues that could occur if the system went live. 

[bookmark: _Toc70113515]4.3.4 Usability Testing 

Usability testing was the next type of testing to be carried out. The goal of this test was to have a participate perform tasks and provided feedback whilst observing their behaviour. A tasks list was created, that included all the features from the feature driven development. This provided the opportunity to have a neutral view on the functional and usability aspects of the application. The tester was a current computer science student, meaning they have used online learning application tools before. Making them a suitable usability tester. From the feedback given changes were made where seemed appropriate.  

[bookmark: _Toc70113516]4.3.5 Acceptance Testing   

The last type of testing conducted was acceptance testing. This form of testing allowed me to see if the system complied with the user requirements. For this type of testing, I created a test plan that included test case ID, test name, test objective, test procedure, expected outcome and actual outcome. Any expected outcomes that were not achieved will be changed and retested, otherwise the system will not be accepted.  
 
[bookmark: _Toc70113517]Chapter 5 – Evaluation  

One of the main points of evaluating the successfulness of the application is through its ease of learning. This was achieved as evidenced by the usability testing, with the participant highlighting how easy it was to select topics of interest and how the learning content is tailored to beginner programmers. The relevancy of this achievement is supported by Brain Wong’s belief that ease of learning is why W3Schools is so successful. Another main point that evaluates the successfulness of the application is through its interactivity throughout the learning aspects. This requirement was achieved due to the development methodology of feature driven development, which allowed interactivity features to be tested individual ready for implementation into the real world. 

Ensuring that the tasks are short to complete is important to the applications usability. This aspect was achieved by creating short tutorials at the end of each learning topic. This was evidenced in the usability testing, with the participant finishing learning topics in no more than 20 minutes. This complies with the risks identified in the literature review, particularly the danger of eye strain and repetitive strain injuries in long-duration computer usage. The application offering trial and error elements was another requirement toward the evaluation of the application. This requirement was achieved, however there are some areas of improvement. While the learning trial and error features were sufficient, the quiz could offer further feedback to the student. This would improve the system as suggested within the primary research where feedback was found to be the most liked feature of an online learning application. 

The ability for unique user accounts was achieved in the application design. This is proved in the systems testing, in which a test was successfully conducted to evaluate the interaction between user and system login. The system testing also proved that consistency and standards are applied throughout the application, since each individual test provided its expected outcome. This attains to Ben Schneiderman's recommendation towards a frustration-free application. This also relates to the requirement for the implementation of error preventing methods within the system. This is demonstrated in the application through the useability testing, where the participant encountered no errors within the system. The final criterion of evaluation for the application was to offer freedom and control to the user. This was achieved as this application allows the student to decide what topic they would prefer to study. However, this feature is less detailed compared to Solo Learn's platform who provided a hierarchical learning structure. 

One of the objectives of this project was to conduct a literature review to gain insight into the topic of online learning. This was completed in-depth within a variety of topic areas. Some areas of this review, such as the effectiveness and different methods of online learning, were inherently beneficial towards the project outcomes. However, areas such as the question of gender imbalance within computer science potentially strayed outside the scope of the project. Primary research was also conducted and was found to be consistent in its findings in relation to the literature review. As discussed, the online learning application was also fully developed, successfully meeting the evaluation criteria. A feedback form was also constructed, which will be used to obtain suggestions to possible areas of improvement. This will further the applications effectiveness and competitiveness within the online learning market. 

The aim of the project was to investigate the current online learning environment, and to use the findings towards the development of an effective application. From the discussed objectives of the project, it can be concluded that the aim of this project was attained. If this project were to be completed again, the scope of the research would be widened to strength the validity of the project outcomes. Iterative development methodology would also be used instead of feature driven development. This would introduce feedback into the development process, improving the effectives of the platform towards the target audience.  
 
[bookmark: _Toc70113518]Chapter 6 – Conclusions and Recommendations  

This project has provided an investigation within the current online learning environment. This entailed a literature review into the different areas of learning, establishing what provides its effectiveness and the different methods of achieving this. The main findings of the literature review were the subjectiveness of the programming language chosen by the online learning application, and the importance of the learning content and usability of the application towards effective learning. It was also found that student engagement can be increased by using a mixture of synchronous and asynchronous learning methods.  

The literature review was supported successfully by the findings of primary research, which correlated well in its findings. The main finding of this was that majority of respondents introductory experience into programming was average. This provided the necessary tools for the development of an effective application. The design process was documented in full through a top-down approach. The overall effectiveness of the system was proven through its unit, system, usability, and acceptance testing with the aid of a testing participant. This resulted in the evaluation criteria of the system to be met.  

The continuation of this project would involve the implementation of more programming language courses onto the application platform. This would expand the scope of the target audience for the learning system, enticing students who wish to learn programming towards different applications. Another area of further work would be to expand the scope of the learning course material. To achieve this, deeper research into the differences between beginner and intermediate learning content would have to be undertaken. This would further the understanding for the development of an effective online learning application. 
 
[bookmark: _Toc70113519]Chapter 7- Reflection  

One area of reflection for this project would be in the early stages, during the development of the project proposal.  My original aim was to only investigate the relevancy of online learning in the present day, even though I wished to also develop a learning application of my own. This meant that the objectives of the project were hard to identify, therefore creating no clear path to the success of the project. Going forward, I would ensure that the aims of following projects were complete and fit for the purpose of the investigation. 

Another problem encountered during the project was the misallocation of time for certain tasks, such as the testing stages of the application. This may have potential damaged the validity of the project’s outcome, in relation to the evaluation criteria. This was a cause of limitations due to the COVID-19 pandemic, resulting in distractions within the working space. This can be solved through working in a less distracting environment, or by planning the project with distractions in-mind accordingly. 

The final point of reflection for this project is the sourcing of information for an investigation. I have learnt that it is better make use of sources which are more detailed to a particular topic of study. This is important to ensure that the supporting evidence for the points discussed are well documented and understood. Using sources such as these in the future will increase the validity of the literature review. This was learnt from the gender imbalance in computer science section of the report, which ultimately led to no conclusion due to a lack of supporting evidence. 
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