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Abstract
This project is based on evaluating using a PHP framework as a scaffold to teach third year Degree Web Development students software design patterns. 
The objectives of this project were to analyse the most common PHP frameworks to identify common features between them, evaluate an approach to teaching, using a PHP framework and design patterns by creating a PHP learning environment.  To obtain results, a study was conducted using a focus group and questionnaire to determine the effectiveness of the teaching approach. This project extends the work of Mike Dacey.
Despite the decrease in popularity, the Waterfall Development Life Cycle was adopted alongside Object Oriented methods involving Object Oriented Analysis (OOA) and Object Oriented Design (OOD). 
A PHP framework was supplied by Mike Dacey and was extended by the author of this project. Alongside this framework, HTML exercises which included scaffolds (in the form of hints) were presented to students to complete an uncompleted version of the framework. 
The findings suggest that scaffolding in Problem Based Learning (PBL) is an effective teaching approach. However, it was found that extra background information should have been provided to aid the students.
It is recommended that further research into structuring the content to encourage the student to explore the problem and provide better scaffolding.  
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[bookmark: _Toc480568114]Background
“Time is money” [1] is a common phrase that everyone hears in everyday life. The meaning of this phrase implies that time is a valuable resource as the amount of time we have is limited [2]. Today, this has no exception to productivity within an organisation as productivity has a huge impact of that organisation’s success. This also concerns any organisation within the software engineering industry.
Although Hernandez-Lopez [3] states that it is difficult to gain full understanding of productivity, Jones identified that productivity is measured by the ratio between the product or service that is produced and the expenses of labour used to produce or provide that product or service, cited in Sidler [4]. 
An earlier measurement of productivity in the software development sector involved measuring line of code per man hours worked. Following Jone’s [5] theory, Sidler [4] has concluded that software productivity is measured by the ratio between the functionality of the software produced to the labour and expenses to produce it. 
Although there are many definitions that surrounds the measurement of productivity, within the software engineering industry, all software development companies have a common interest. This interest involves exploring new ways to improve developer productivity and improve the quality of code produced. To help achieve this goal, it is thought by Rodriguez et al [6] that team size of a project is considered a large factor. Not all organisations may have large teams, this means that other considerations need to be taken regarding smaller, local companies, Sidler states [4]:
“Software productivity can be enhanced by reusing code”. 
The introduction of Object Oriented Programming in the late 1960’s [7] has made code re-use less challenging, allowing the introduction of software frameworks that are built on common design patterns that assist on building applications more rapidly. 
With the increase of popularity of software design patterns, particularly in 1995 after the release of the book “Design Patterns: Elements of Reusable Object-Oriented Software” by Gamma et al [8], software design patterns have become a crucial subject in the computer science education curriculum. 
This project extends the research of Mike Dacey based upon the teaching approaches used to teach university students. 
[bookmark: _Toc480568115]Aim 
The aim of this project is to evaluate the effectiveness of teaching software design patterns by developing a PHP framework as a learning environment.  
[bookmark: _Toc480568116]Objectives
To achieve the aim of this project, a few objectives will be undertaken. The objectives are: 
1. Analyse the most common and popular PHP frameworks and software design patterns used today and researching frameworks and their common features. 
2. Evaluate an approach to teaching, using a PHP framework and design patterns by designing and building a PHP learning environment.  
3. Conduct a study using a focus group, and analyse the results to determine the effectiveness of the framework and the teaching approach. 





[bookmark: _Toc480568117]Report Structure
This report is divided into another 9 chapters in total, of which includes this chapter – the introduction. The following chapters are: 
1. Chapter 2 – The Literature Review: The literature review discusses the object-oriented paradigm in a deeper depth, evaluates current PHP frameworks and design patterns, finishing with a conclusion with the findings.
2. Chapter 3 – Research & Development Methodology: This chapter will discuss the research methodology chosen to gather information as well as the development methodology. 
3. Chapter 4 – Design and Implementation: This chapter will involve the design of the framework using Unified Modelling Language (UML) class and sequence diagrams explaining why certain patterns were used over others, along with code snippets illustrating how the framework was produced. 
4. Chapter 5 – Analysis: This chapter analysis the data to retrieve results allowing a conclusion to be met. 
5. Chapter 6 – Evaluation: This chapter evaluates the project and provides a conclusion from the data collected.
6. Chapter 7– Conclusions and Recommendations: This chapter summarises what was achieved in the project and if any further research is required.  
7. Chapter 8 – Reflections: This chapter includes a personal reflection of the author based on the experience of this project and what has been learnt. 
8. Chapter 9 – References: Documents all references used. 

In the next chapter of the review of the literature, object-oriented programming will be discussed in a deeper depth including how it can be used to create frameworks using design patterns. 


[bookmark: _Toc480568118]Chapter 2 – Review of Literature
[bookmark: _Toc480568119]Introduction
This literature review evaluates 5 common PHP frameworks, identifying common features between them that will be incorporated into a custom-built framework, which will be used as a scaffold to teach 3rd year students software design patterns. Literature based upon teaching design patterns is also evaluated to gain an understanding what teaching approaches will be most effective. 
[bookmark: _Toc480568120]Object Oriented Programming
Object Oriented Programming is a programming language based on the objected-oriented paradigm and design philosophy [9] which was first introduced in 1961 by Ole-Johan Dahl and Kristen Nygaard when designing the SIMULA language [7]. Although the objected-oriented paradigm and design was first introduced in the 1960s, it did not gain popularity until the late 1990s [10] with the introduction of the object-oriented programming language Java. Despite the slow advance in popularity, object-oriented concepts managed to evolve in the 1970s with the introduction of the programming language Smalltalk. A revival of interest also emerged in the 1980s of object-oriented methodologies amongst programmer due to object-oriented languages such as C++ catching their interest [10]. 
Today, the object-oriented paradigm is widely used across the world and is the mainstream concept in the software development industry and is taught in many universities at an undergraduate level [11]. 
The object-oriented paradigm is used to analyse, design and implement software and web applications. In Object Oriented programming, one of the central concepts is based upon objects [10], [12] that can interact with one another [13]. 
The use of object-oriented programming allows a programmer to solve problems by breaking them up into smaller problems through the use of classes. This promotes code re-use [13] and offers better maintainability, flexibility and extensibility through using the concepts of inheritance, polymorphism and encapsulation. 
A class is a ‘blueprint’ that is used to instantiate objects. A class contains properties and methods that describe what an object will look like. An object is an instance of a class which contains the values for the properties and performs the methods it holds. 
Inheritance involves a class (also known as a child or subclass) inheriting and extending the functionality of the base class (also known as the parent or superclass). The term polymorphism means “many forms”. Polymorphism is implemented through different objects, all sharing a common interface through inheritance but containing different implementations of the same method. 
[bookmark: _Toc480568121]PHP
PHP was not formally known as an object-oriented language when it was first released. PHP first started off as a set of 2 tools known as PHP/FI tools developed by Rasmus Lerdof as a set of macros for sending SQL statements to databases, process forms and managing personal pages[14] , PHP meaning Personal Home Pages and FI standing for Form Interpreter. 
Later, PHP was extended by Lerdof, Suraski and Gutmans who decided to build a new independent language, renamed PHP, the acronym for PHP: Hypertext Pre-processor. This version of PHP was PHP 3 and offered extensibility support and was the first version to offer object-oriented concepts, offering a more consistent syntax [15]. 
Briefly after the release of PHP 3.0, the developers started working on the core of PHP, to improve the performance of complex applications and improve the modularity of PHP’s code base [15]. PHP 4.0 then was released with the Zend Engine being the main driver, this introduced support for web servers and HTTP sessions.
Before the release of PHP 7 recently, the latest version of PHP was PHP 5.6. The introduction of PHP 5 allowed the clear support for objects and object-oriented programming. This approach has become the most popular paradigm for PHP developers and implemented in many PHP applications. PHP has become increasingly popular with large internet companies such as Yahoo and Facebook. Now with complete support for objects, this is a recommend approach in developing enterprise applications in PHP. 
Today PHP is one of the most popular server-side scripting languages to build web applications using object oriented methods that can be embedded into Hyper Text Mark-up Language (HTML), allowing dynamic content to be displayed. 
[bookmark: _Toc480568122]Frameworks
The “skeletal structure” of an application, is the description given by Wirfs-Brock, Wilkerson and Wiener [16] of a framework. There are a number of definitions and descriptions given to frameworks in the literature, but it is thought that a software framework is a software architecture or platform, that consists of a collection of classes (also known as libraries). Frameworks incorporate common design patterns containing abstract and concrete classes that solve common design problems. This allows developers to emphasise more on the business logic [17] of an application. 
Designing a framework can be a problem itself as the architecture is crucial. The architecture of a framework needs to be considered if it would allow the framework to work with many applications, also allowing the framework to be flexible and extensible. Saray [18] suggests that the most successful common frameworks are so successful because of their careful architecture. To achieve this, frameworks incorporate design patterns. However, choosing the appropriate ones to use is crucial. Gamma et al state [8, p. 27]:
“A framework that addresses design patterns is far more likely to achieve high levels of design and code reuse than one that doesn’t”. 
Frameworks allow applications to be built faster, increasing the productivity of software engineers. Another advantage is the application built is more consistent and easier to maintain compared to applications that are not built using frameworks[19]. 
As this project is based upon the scripting language PHP, this literature review will evaluate the following five common PHP frameworks:
1. Symfony
2. Laravel
3. Zend Framework
4. CakePHP
5. Pear
[bookmark: _Toc480568123]Symfony
On the Symfony website [20] it states that the Symfony Framework is:
“The leading PHP framework to create websites and web applications. Built on top of the Symfony Components”. 
Symfony was created by Fabien Potencier [21] and was released as an open source project in 2005 entirely written in PHP 5 and has been used in real-world projects such as Drupal. Symfony has been known to be installed and configured easily and was designed to increase optimisation of the development of web applications [22]. With such advances which continue to increase in the information technology (IT) industry, Symfony has been designed to be enterprise ready and able to comply with existing information technology polices [22],  most web practises and design patterns. 
Symfony adopts the Model – View – Controller (MVC) architectural design pattern, resulting in the isolation of each layer. The model layer within the Symfony framework is divided into 2 sub-layers. An Object Relational Mapping (ORM) layer, incorporating the Doctrine ORM (an interface that translates object to logic to relational logic) and a data abstraction layer handled by PHP Data Objects (PDO)[23], to avoid the use of specific Structured Query Language (SQL) syntax, resulting in easier database portability [22]. The view layer involves presentation, based upon the Twig template engine [24] that uses placed tags in the Hypertext Markup Language (HTML) which are generated into values, commonly using a helper object [14], [25]. 
Symfony supports common tasks such as form validation to be automated, also integrating with PHPUnit (a programmer testing framework for PHP [26]) to support automated unit tests. For its configuration files, Symfony uses YAML (a data serialisation standard), a simple syntax which is converted to PHP arrays [27]. This allows the configuration files and syntax to be more readable and easier to write for developers. 
[bookmark: _Toc480568124]Laravel
Laravel is known to be the framework for ‘web artisans’ [28] that provides elegant syntax and was produced by Taylor Otwell in 2011. Otwell wanted to provide an improved framework, in an alternative to the CodeIgniter Framework due to it lacking functionality [29]. Laravel, like Symfony is an open-sourced framework. Within Laravel, already existing components are reused offering a cohesive layer, of which web applications can be built upon in a more structured way [30]. 
Similarly, to Symfony, Laravel adopts the Model-View-Controller architectural pattern and within the model layer, uses a ORM named Eloquent that implements the Active Record design pattern to access the database. Another class used to access the database in the model layer, is the Fluent query builder class. This class allows database queries to be build using PHP syntax by chaining methods and uses PHP Data Objects (PDO) to action database queries in the backend [31]. Like Symfony, Laravel uses a template system within its view/presentation layer. Alternatively, to Symfony, Laravel uses Razor for its template engine. 
Laravel offers a database schema allowing to be structured using PHP and uses database migrations to track changes to the database, pairing with database seeding allowing test data to be populated to the database. 
In web applications, common tasks involve emailing and user authentication. Laravel wraps the Swift Mailer library (a library, that is component based to send emails [32]) in its own mailer class making it easier to send emails. For authentication, Laravel uses a default implementation for the registration of users as well as authentication and supports password reminders to be sent. 
[bookmark: _Toc480568125]Zend Framework
The Zend Framework was created by Zend Technologies and is an open source framework (licensed under the BSD license) containing a collection of PHP packages (individual components) providing a loose coupled architecture being 100% fully object oriented. Zend utilises most new features in PHP 5.3 such as namespaces allowing reusability of code, decreasing code duplication. According to the Zend website [33], Zend  has over 68 million installations. 
 Following the same architecture as Symfony and Laravel, the Zend Framework follows standard compliant and best practises providing a filesystem layout incorporating the Model-View-Controller (MVC) architectural pattern. This pattern contains a data abstraction layer and incorporates the front controller design pattern to route and manage web requests [34]. Although the MVC pattern is implemented, the Zend Framework does not force the developer to use the full structure but allows the developer to use certain components when needed [34][35] due to its loose coupling architecture and each component being independent. This also allows integration with other libraries, although when used together, the components can form a very powerful web application framework. 
Vaswani [35] suggests that Zend has a very strict unit testing policy and performs its unit tests using PHPUnit.  
Using a command line script, the Zend Framework automatically generates a filesystem layout (as discussed, implemented in MVC) and populates it with controllers and views ready for developers to use [35] to perform common tasks within web applications, including form rendering, validation and filtering. 
Unlike Laravel, Zend does not use the Active Record pattern, due to the pattern’s weakness in performance and flexibility [34]. Due to Object Relational Mappers being known as complex and being implemented by other projects (Doctrine), Zend decided not to implement one in their framework. 
[bookmark: _Toc480568126]Yii Framework
Yii is a performance optimised open-source PHP framework. This framework typically tends to be in the top percentile in speed tests, specifically in Germany where the framework is very popular [24]. Yii was founded by Qiang Xue, of whom started the project in January 2008 but Yii was not released until the following December [36]. Yii encourages rapid software development and is designed using enterprise design patterns to easily allow integration with other third party libraries, allowing Yii’s functionality to be extended. 
Likewise, to other frameworks, Yii adopts the MVC architectural pattern, also supporting common tasks such as input and output validation and authentication and authorisation. A query builder is used to build Structured Query Language (SQL) queries, reducing the risks of SQL injection attacks. 
The Yii Framework also implements the Active Record design pattern as an Object Relational Mapper (ORM), allowing developers to model database data as objects. Data Access Objects (DAO) are built on top of the PHP Data Object (PDO) extension, allowing access to different database management systems (DBMS). 
Another similar feature to the other 3 frameworks evaluated is Yii’s support for unit testing through PHPUnit. Unique features include skinning and theming to allow customisation on the outlook of web pages, security support, reducing the risk of cross-site scripting as well as SQL injection and finally, auto code generation provided by Gii [37]. 
[bookmark: _Toc480568127]PHP Extension and Application Repository (PEAR)
About
The PEAR website describes it as [38]: 
“PEAR is a framework and distribution system for reusable PHP components”
Although, PEAR is not a PHP framework but a library of PHP packages, it is worth evaluating the PEAR package briefly as it is one of the oldest library for PHP extensions [18]. The PEAR library is divided into packages that are all depended in one another having their own development team and version[39]. 
Features
PEAR includes the following packages:
1. PEAR Mail: is an interface that uses various backend systems such as the mail function for PHP and SMTP to send mail. 
2. PEAR MDB2: Database abstraction layer. 
3. PEAR DB Data Object: Acts as a data store for a table row and builds SQL statements. 
Many more packages are contained within the PEAR library all totalling up to 602 packages. 
[bookmark: _Toc480568128]Summary 
As a result of evaluating 5 of the most common PHP frameworks, it is clear they all adopt the Model View Controller architectural design pattern. Paikens and Arnicans [40, p. 64] study of “design patterns in PHP based web application frameworks”, also concluded 9 / 10 frameworks they evaluated, also adopted the Model-View Controller pattern, which included Zend and Symfony. Within their conclusion [40], the MVC pattern also won the leading design pattern used in the 10 PHP frameworks discussed, alongside the Singleton Design pattern (a design pattern, only allowing a class to be instantiated once, having one instance providing the same access to an object throughout the application).  
Model View Controller Pattern
From reviewing the literature, many authors call the MVC pattern a design pattern, but what differentiates the MVC paradigm from a design pattern is it does not directly map to a class structure [41].
The Model-View-Controller paradigm is an architectural pattern which was developed by Trygve Reenskaug in 1979 [41] [42] to separate user interaction to the processing of data. The MVC paradigm uses three vital components, the Model, the View and the Controller. The MVC paradigm has been known to reduce coupling [14], [42] allowing new interfaces to be added with no or very little writing [14]. It has also been described by Curry and Grace [42, p. 88] as a “powerful mechanism” for data to be altered and viewed. 
· The Model: Contains application logic and data. The model can have many views or controllers and commonly incorporate an ORM (Symfony, Laravel and Yii) using Data Access objects (DAO), either in the form of the Active Record Pattern or the Data Mapper Pattern. 
· The View: The view represents the graphical interface that can contain multiple views of the same data. Aihara [43] , Krasner and Pope [44]  all identify that views can also be divided into sub-views. Template engines such as Twig and Razor adopt the Template View Pattern.
· The Controller: In Web applications, the controller handles HTTP requests from user interaction and interacts with both the model and views. This is commonly implemented using the Front Controller Pattern (a pattern offering a central access point for requests). The controller updates the model [45] and alternatively chooses the correct view to display the response or results to the user commonly using the Application Controller Pattern (a class commonly used by the front controller to centralise the flow of an application). 

Object Relational Mapping
Most applications are built using the object orientation paradigm but databases are commonly relational. Unfortunately, objects are not structured or behave the same way as tables within a database causing an object-relational impedance mismatch between the two. As discovered 3 out of 5 frameworks evaluated, use an Object Relational Mapper (ORM), although according to Paikens and Arnicans study [40] with only half of frameworks evaluated use an ORM. In this study, Symfony, Laravel and Yii all use an ORM, with Symfony using Doctrine and  Laravel and Yii both implementing the Active Record design pattern (an object that commonly uses a domain model object and encapsulates database access and interaction directly in the class [25][41]). Most of the frameworks build upon the PHP Data Object (PDO) extension, a data access abstraction layer interface for the access of databases allowing the same methods to be used to issue queries and retrieve data irrespective to what database is being used. Although PDO should not be confused with a database abstraction layer[46]. 
Unit Testing
Symfony, Zend and Yii all adopt unit testing provided by PHPUnit. Unit tests are concerned with individual components (commonly classes) within a system on how they work and interact with one another. A unit test, tests each class in isolation and tests methods within the class, to see if it performs as it should [14]. With testing being such a fundamental part of software and web development, unit tests are a great tool, that certifies the quality of the system design [14]. 
[bookmark: _Toc480568129]Software Design Patterns
The concept of software design patterns was influenced from the work of an architect named Christopher Alexander et al [47], an architect who developed the pattern language [8]. Alexander et al [47] uses the following description to define a pattern:
“Each pattern describes a problem which occurs over and over again…and then describes the core of the solution to that problem, in such a way that you can apply this solution million times over.”
Although Alexander et al [47] pattern language basis itself on towns and buildings [8], this helped the GoF [8] develop the concept of the design pattern. After a significant amount of experience in their field, the GoF started to notice certain patterns of designs from many development projects, resulting the publishing of their design pattern catalogue “Design Patterns: Elements of Reusable Object Oriented Software”[8], [18], [48]. 
With several definitions surrounding the concept of a design pattern and Fowler [25] developing the claim there is no accepted definition of a design pattern [48] , it is thought that a design pattern is a bottom up approach to solutions that can be re-used and applied to problems which re-occur in object orientation design and development.
Each design pattern is independent, offering a different level of abstraction although, some patterns are similar in context and can relate to other patterns. Some patterns are also not used unless another pattern is present. 
With applications becoming more complex and with increase pressure on developer productivity and product quality, many professionals acknowledge design patterns making them and essential skill within software and web development [49]. 
Design patterns makes it less complicated to re-use successful designs and architectures, allowing designers to use the ‘correct’ pattern in a quicker time [8]. The GoF [8] propounds the view that when using design patterns, object-oriented designs become more flexible, elegant and reusable promoting greater code maintainability and understanding. Saray [18, p. 8] lends support to this claim and argues:
“This means the Pattern may not be specifically tailored to your situation but will have greater code maintainability and understandability.”
This has allowed better understanding of the relationships between classes and objects [50]. 
Along similar lines Alghamdi and Qureshi [51] argue that many experiments that replicate the study conducted by Prechelt et al [52] to evaluate the impact of design patterns on software maintainability concluded that software design patterns did not improve maintainability. In the study, the non-pattern version of the applications was easier to maintain [51]. Even though Prechelt et al [52] original study concluded it is useful to use design patterns, on smaller projects or solutions it is better based on the common sense of the engineer [51]. Hegedus et al [53] considered the replicated experiments wrong by conducting a different approach to maintainability by conducting an empirical analysis. This study concluded using design patterns, do improve and have a positive impact on maintainability, although the authors state that their results should be handled with caution.  
Although there are a variety of conclusions surrounding software design patterns and their effectiveness within software development, software design patterns are tried and tested [14] techniques that follow a set of design principles and are used by the most popular frameworks. Design patterns has been regarded to represent some of the best practises within the object-oriented paradigm by many professionals. All design patterns by the GoF [8], are patterns that has been used by many experienced designers and developers, Gamma et al states [8, p. 2]: 
“None of the design patterns in this book describes new or unproven designs.”
Other criticism involving design patterns recently implies that inexperienced designers and developers are known to over use them and they sometimes do not offer the greatest efficiency within an application, which can be a problem in large enterprise applications. 
After gathering results from their recent study, Zhag and Budgen [54] concluded that only three software design patterns (Observer, Composite and Abstract Factory patterns) (Figure 2‑1) are highly recommended by respondents of their survey, with having ten years or more experience in object-oriented development. 
[image: ]
[bookmark: _Ref456556901][bookmark: _Toc480797721]Figure 2‑1 : Zhag and Budgen’s results based on a survey they created, answered by experienced developers [48]
Design patterns are language independent allowing them to be applied in any object-oriented programming language. This means that design patterns are not the full implementation but in each pattern, an approach to solving a problem is described, allowing many ways for the solution to be implemented and personalised to each problem. “Half baked” is the term used to describe a design pattern by Fowler, cited in Zandstra [14]. 
[bookmark: _Toc480568130]Structure of Design Patterns
In the literature, there are several examples how to describe a software design pattern including Unified Modelling Language (UML) Diagrams, implementation examples and code examples. In this project, the four essential elements of design pattern will be discussed. The four essential elements include:
1. Pattern Name: 
By naming a design pattern, the design problem is described [8] including the behaviour and relationship of the pattern [18]. Naming and choosing the correct name for the pattern is very important as a common vocabulary is provided for designers, improving the language of programmers[14]. Martin Fowler [25] describes the pattern name as “crucial”. 


2. The Problem:
This part of the structure of a design pattern, the problem is explained and when the pattern should be applied and implemented. 
3. The Solution:
The solution explains an approach to solving the problem by describing the design elements using a UML diagram and basic code examples. 
4. The Consequences:
The consequence of a design pattern is the result and impact of applying that design pattern. 

[bookmark: _Toc480568131]Organisation of Design Patterns
Each design pattern varies in level of abstraction and level of detail. Considering there are so many design patterns, the GoF [8] has categorised each pattern to organise them. The GoF [8] state that using the categorisation helps object-oriented designers refer to families of related patterns and helps to learn patterns within their catalogue faster. 
The technique and criteria the GoF used, divides the criteria into a purpose and a scope. The purpose defines what a pattern does, the scope identifies whether the pattern should be applied to the class or object (Figure 2‑2). 
[image: http://assets.devx.com/articlefigs/JavaDesignPatterns_Fig1.png]
[bookmark: _Ref456610065][bookmark: _Toc480797722]Figure 2‑2 [16] : The GoF’s organisation technique
This organisation has been extended by both Zandstra [14] and Fowler [25] emphasising more on enterprise patterns. 
[bookmark: _Toc480568132]Design Patterns in the Learning Environment
With the popularity of design patterns increasing and becoming an essential skill, design patterns have recently become an essential component within the learning environment, commonly at universities at an undergraduate level [55].  
In their study “Cognitive Learning efficiency through the use of design patterns in teaching”, Kolfschoten et al [56] explain it is key that students learn in a way that students can recognise problems and apply a solution to that problem. To achieve this, Kolfschoten et al [56] suggest design patterns can be used, allowing best practises and expertise to be learned. 
Johnson, Brugali, Menga and Aarsten all state that the pattern language has a major educational purpose, although Kolfschoten et al [56] suggest that teaching the pattern language, does not limit teaching a student or novice “new tricks” but offers them a toolbox to recognise problems. Within their study, Kolfschoten et al [56] conducted 3 case studies and came up with the conclusion that design patterns help novices gain a greater understanding in design and problem solving skills and improve their learning efficiency. 
To support Kolfschoten et al [56] suggestions, other authors also state they can see design patterns have a greater educational purpose. Sterkin documents [57]: 
“I sense a deeper connection between design patterns and the education process”. 
Within his study “Teaching Design Patterns”, Sterkin [57] also suggests design patterns should also be taught because they allow the introduction of abstractions within software development. 
Despite design patterns being introduced in the education curriculum, students are unable to apply the skills taught at university in industry. This could link to the teaching approach, teaching materials and the limited amount of teaching hours available to teach design patterns [55].  It seems the traditional approach of lecture-based teaching offers the students an insufficient ‘real-feel’ for design patterns [58], only enabling to provide them surface knowledge. Teaching materials available such as text books and online resources also have lack of quality of examples used, commonly being too simple to use in a real-world problem or application. In “Explaining design patterns through one application”, Ouyang [49, p. S1G–7] states:
“After searching through various books and websites in design patterns, I have found that many examples given in these books and web sites are too simple to have real application”.
One book recommended for the study of design patterns, is the GoF “Design Patterns: Elements of Reusable Object-Oriented Software” [8]. This book is a catalogue of design patterns and has become very popular by object-oriented designers, but examples within this book can be inadequate for students because they are too abstract. 
Another problem with the teaching approach of design patterns within education is design patterns are one of the last topics to be taught and studied. Design patterns are commonly taught in the third year of computer science degrees, this is reflected in the author’s current university of study where design patterns are marginally introduced in earlier years but are investigated more in the third. Despite this ,  Fojtik [59] came to the conclusion, design patterns can also be successfully taught at lower schools or education institutions as well as universities. Although design patterns cannot be taught before the student has a basic grasp of object-oriented programming. 
Recently, coding has had full attention in education in the United Kingdom as a result of major technology companies such as Google and Microsoft complaining that the United Kingdom does not produce enough quality graduates to fill job vacancies. Since 2013, the educational curriculum has been altered to introduce coding to children as young as 5 years of age. At this stage children are introduced to algorithm [60] and by the time of finishing secondary school, the student will know at least 2 programming languages. 
Many researchers have tried to investigate different pedagogical approaches on teaching design patterns. This project will evaluate approaches already taken to determine an approach to apply to this project. 
[bookmark: _Toc480568133]Pedagogy and Pedagogical Approaches
There is a broad definition regarding the term pedagogy, with so many definitions available, it is thought that pedagogy is a method or strategy that is a structural and subject – oriented process allowing teachers to be influential on the learning of others [61] (also known as “the art and science of teaching, particularly within an academic subject”)[62].
The pedagogical approach is crucial to improve the effect of the teaching, resulting in how effective students learn. 
To use a framework in the learning environment to teach software design patterns, a few pedagogical approaches will be evaluated. 
Problem Based Learning
Problem based learning (PBL) was first applied in the 1950’s by Case Western Reserve University [55], followed in the 1960’s by Howard Barrows at the McMaster University [63]. This resulted in PBL being commonly used as an effective pedagogical approach in medical education. 
PBL is a student centred pedagogical approach, that enables students to become self-directed and independent learners [64], enhancing their lifelong learning. PBL assumes that learning is an active process which starts with encountering the problem first and most commonly based on real world problems. 
PBL commonly encourages group work, allowing students to work alongside their classmates to solve a complex problem [55]. However, a drawback of working in groups  is the tendency for there to be a student who will play the dominant role within the group, resulting in students learning not to be developed equally[55]. 
Within PBL, students are required to apply their current knowledge regarding the problem to help them identify what information is needed to solve the problem and then strategies to find a solution. Unfortunately, students commonly find this difficult. To guide students, a lecturer becomes a facilitator who plays a vital role in guiding students by monitoring their discussion amongst the group [64], [65]. 
For PBL to be successful, as a consequence of the problem being the main driving force, it is crucial to have a useful set of problems [66]. Within the computer science discipline, particularly with design patterns this can be very difficult, which is reflected in limited examples found in textbooks and online resources.
It is difficult to conclude how effective the PBL teaching approach is within teaching design patterns as most studies cover students in all disciplines. There were limited studies that have covered using a PBL approach to design patterns [55], [58], although both authors slightly modified the approach, to achieve a better outcome.  Other studies [64]–[66] have concluded that PBL is an effective approach that student performance is improved [64] and PBL improves student’s problem solving skills [65]. However, not all conclusions are as positive. In their study “A Tiny Adventure: the introduction of problem based learning in an undergraduate chemistry course”, Williams et al [67] concluded that PBL had no effect on the performance of students. Albanese [68] suggests that PBL should be used with caution and students who have been taught using a PBL approach also have gaps within their knowledge. 
Scaffolding-Based Learning
Scaffolding was created by a psychologist named Jerome Bruner [69] and is based on Vygotsky’s concept of “Zone of proximal development (ZPD)”[70], which is the difference between a child or learner can do with support compared to what they could not do independently [71]. Likewise, to PBL, scaffolding is also a student centred approach, that encourages students to take more of an active approach into their own learning [72] and the lecturer becomes more of a facilitator.  In scaffolding, temporary support structures or teaching materials are used to help a student complete a task they could not complete independently, these are called scaffolds. When the student can complete that task, the scaffolds are taken away, known as “fading”.      
Commonly in scaffolding based learning, the framework outlined by Ellis and Larken [69], [73] is used. Within this framework, the teacher demonstrates to the class how to complete the task (within this case, solve the problem), the class then all complete the task together, then ending with groups and individuals completing the task individually [69]. 
When using scaffolding, a supportive learning environment is provided where students can provide feedback, ask questions and participate within group discussions, allowing the opportunity for peer to peer teaching and learning. Using scaffolding has known to increase the possibility of students completing objectives. Within their study “An Instructional Scaffolding Approach to Teaching Software Design”, Linder et al. [70],  short assignments based on design and an architectural pattern are given to students each week, helping them to develop tools for their final projects. Feedback received from students were all positive, although Linder et al. [70] did not state how effective their approach was. 
Ginat [74] conducted a study of “Interleaved Pattern Composition and Scaffolding Learning” and tested high school novices and seniors. The tasks given to the participants were three simple programming tasks. Before scaffolding, Ginat [74] identified that not all students complete some of the simplest tasks, Ginat [74] then applied a scaffolding to each task. Once the students were given an additional task, it was seen that the students managed to apply design patterns to their solution that were missed in the previous tasks before scaffolding. 
Scaffolding Problem Based Learning
Scaffolding in PBL involves the use of scaffolds and instructions within a PBL environment. In his study “Scaffolding for Success in Problem Based Learning”, Greening [75] implies that there is a need for scaffolding within the PBL discipline, alternatively Choo et al. [76]  concluded within their study, using scaffolds did not enhance the learning of students within their PBL framework. There are very few quality sources regarding integrating the scaffolding and PBL approach and its effectiveness in student learning. 
[bookmark: _Toc480568134]Conclusion 
By reviewing the literature, it has been identified that object oriented programming has allowed the introduction of software frameworks increasing productivity in the software engineering industry. These frameworks all have features in common and are built on software and architectural design patterns. With the increase of popularity of design patterns, design patterns have become a fundamental requirement within the software development industry and has resulted them being taught in education across the world. Despite these findings, design patterns are not taught until the later stages of higher education. Students are unable to apply the skills taught at university due to design patterns stored as surface knowledge. 
After evaluating teaching approaches, both PBL and scaffolding based learning have a divided reputation within the literature, both being concluded as and effective pedagogy. However, in other studies, these approaches have not been as successful. It is thought using both pedagogical approaches can be a very effective approach to teaching software design patterns to year 3 Advanced Web Development students. Alternatively, it was identified there is a gap of research with little quality of sources regarding the effectiveness of using the both approaches together. 


[bookmark: _Toc480568135]Chapter 3 – Research and Development              Methodology 
This chapter discusses the processes taken to decide upon an appropriate research strategy to gather results. The development methodology is also discussed giving details what development methods will be used to develop the MVC framework. 
[bookmark: _Toc480568136]Research Methodology
In order to develop an appropriate research approach for this project, the research ‘onion’, developed by Saunders et al. [77] (Figure 3‑1) has been used. To develop a research strategy, each layer within the onion has been covered. 
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[bookmark: _Ref465027205][bookmark: _Ref465027182][bookmark: _Toc480797723]Figure 3‑1 – The Research Onion
[bookmark: _Toc480568137]Research Philosophy 
Within this project, the phenomenology philosophy is the main philosophy adopted. The phenomenology philosophy emphasises qualitative data and is based upon understanding participant’s perceptions and human behaviour. This philosophy commonly uses small samples and uses the inductive research approach that will allow a theory to be developed based upon the analysis and evaluation of results. 
[bookmark: _Toc480568138]Research Strategy 
After being taught selected design patterns, participating students will be handed numerous exercises to test if they can apply what has been learnt. Once completed a focus group will be conducted to gather qualitative feedback from students on the teaching approach.
A focus group is a data collection method that helps the researcher gain qualitative data through the participant’s attitudes, feelings and experiences within a certain subject of interest. 
Focus groups offer a flexible and natural setting where participants are asked to engage in a group discussion (commonly between 5-11 people) that is guided by the researcher, who acts more as a facilitator asking a series of questions, ensuring participants do not go off topic [78]. 
When using focus groups, many responses can be explored during that one meeting and all participants can ask questions amongst one another. Focus groups also help participants to recall issues they might have forgotten. 
When using focus groups, it also needs to be considered that not everyone in the group may contribute. This could be a result of some participants may feel too nervous or anxious to speak in front of other participants within the group. Therefore, it is also important for the facilitator of the group to create a welcoming setting and relaxing the participants with a few ice breaker questions. Another reason for no contribution from all members could be one person overpowering everyone else’s views and experiences not giving anyone else a chance to speak. This can also be overcome by the facilitator actively involving other members by asking them questions related to the previous comment.  
To overcome the risk of not all participants participating within the focus group, a secondary data collection method will be used in the form of a questionnaire. Questionnaires are an effective research tool and has become one of the most popular techniques to be used[79], [80]. Questionnaires can contain open ended questions, closed ended questions or a mixture of both. In this project, the questionnaire will use a combination of both open and closed questions. The closed questions will be used to gather quantitate data and the open questions will allow the respondents to explain their experience and feelings of the teaching approach. For questionnaires to be successful, questionnaires rely on a significant number of respondents, which is a risk in this project, although with a smaller respondent set, this makes the analysis of the quantitative data simpler. 
Questionnaires can be distributed in a variety of ways, for example email, post, face to face and over the telephone. In this project, the questionnaire will be handed to the participants after they have completed the exercises provided and just before the focus group. This ensures a higher response rate.  
[bookmark: _Toc480568139] Development Methodology 
Within this project, the system development life cycle (SDLC) that will be used is the Waterfall Model. The Waterfall Model was the first SDLC and was introduced in the 1970’s by Royce. Royce developed this model to impose control over prior development approaches, for example the build and fix it approach and the stage wise approach [81]. 
The Waterfall Model is divided into sequential steps (Figure 3‑2) that must be completed in succession. The next stage should not be started unless the previous step has been fully completed and signed off, although Weaver [80] suggests in reality, stages can overlap. Within this project, the building and testing stage will overlap, allowing each class to be tested through unit testing using PHPUnit. 
As requirements forever change and increase, recently the Waterfall Method has become less popular in industry especially with the introduction of more iterative approaches like Agile. Regardless of this, the Waterfall Model will still be used in this project as requirements will be clearly understood and will not need to change and the Waterfall has been known to be very useful for unexperienced practitioners, offering a great starting point for students [80]. 
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[bookmark: _Ref467620156][bookmark: _Toc480797724]Figure 3‑2 : Waterfall Model (Royce, 1970), Taken from [81]
To accompany the Waterfall Model, the development methodology used for this project will be Object Oriented Methods (OOM). These methods include Object Oriented Analysis (OOA), Object Oriented Design (OOD), Object Oriented Construction (implementation) and testing.
Following the work of Coad and Yourdon [82], Booch and Jacobson, Object Oriented methods became most influential in the early 1990’s incorporating the same underlying concepts as object oriented programming languages [80].  These concepts are based upon objects that are self-contained packages that encapsulate data and behaviour which are based upon real-life objects, providing a more natural way of world representation within software. 
Object Oriented Methods assume the system being built will be implemented using an Object-Oriented programming (OOP) language. During the early stages of the life cycle, the system is implemented at a high level abstraction and as the project progresses, the system is added to gradually [80].This applies to this project as the framework will be built on mostly abstractions with few concrete classes and then will be extended by third year students to help them gain understanding of design patterns.
Object Oriented methods is now gaining popularity in more student projects due to code re-use and application becoming more extensible and maintainable [11].  
[bookmark: _Toc480568140]Object Oriented Analysis (OOA)
The purpose of the analysis stage is to gain an understanding of the application to be built and describe what it will do (the requirements of the application)[13]. Although Coad and Yourdon’s [82] original methodology of OOA has been extended, Avison and Fitzgerald [83] uses the this original description of OOA. When performing OOA, Coad and Yourdon [82] highlight that OOA consists of 5 sequential steps. These are:
1. Identifying classes and objects: Finding relative classes and objects that build the core of an application, known as “system Responsibilities”. 
2. Identifying structures: Organising classes into hierarchies into base and derived classes. 
3. Identification of subjects: Grouping similar classes together and the application structure into more understandable subject structures. 
4. Defining attributes: Attributes of classes are defined.   
5. Defining services: Methods and behaviour are defined.  
[bookmark: _Toc480568141]Object Oriented Design (OOD)
To design the framework, Unified Modelling Language (UML) will be used. UML is a notation language that was developed by Booch, Rumbaugh and Jacobson (The three Amigos[11], [80]) in 1997 and has become the established industry standard for object oriented notation. UML consists of 9 types of diagrams. Within this project, only 2 out of the 9 diagrams will be used, these are the class diagram and the sequence diagram.
Class Diagram
Class diagrams are the most widely used diagram within UML [14] and are used for modelling the static structure of an application. Class diagrams are very effective approach to illustrate object-orientation relationships. In a class diagram, a class is represented as a square / rectangle box which is divided into 3 components (Figure 3‑3). The top component is the class name, commonly in centre aligned and bold weight, with italics also being used for abstract classes. The second component includes any attributes that the class holds, finishing of the third component illustrating behaviour and methods. 


[bookmark: _Toc480797725][bookmark: _Ref477616150]Figure 3‑3
Sequence Diagram
A sequence diagram is an interaction diagram that portrays the interaction between objects in sequential order from left to right. Objects are represented as a rectangle at the top of the diagram and its existence, known as its lifeline being portrayed as a dotted line running from the object down the page [83]. 
[bookmark: _Toc480568142]Object Oriented Construction (Implementation)
PHP
From the literature review, it has been identified that PHP has increased popularity in web development. With the increase of popularity, PHP is the chosen language to use within this project to build the simple framework to teach design patterns to students. 
As PHP 7.0 is still relatively new, PHP 5.6 will be used for this project as some servers may not support 7.0 and on the website PHP.net, it states PHP 7.0 should be tested carefully and should not be used in production [84]. 
Software 
The software that will be used to implement the framework will be Phpstorm by JetBrains. Phpstorm is an integrated development environment (IDE) that offers smart code completion, syntax highlighting and code verification. Phpstorm also includes support for front end technologies such as HTML, CSS and JavaScript, also providing in-built tools for testing using PHPUnit. Although Phpstorm is a licensed product, with a student email address, it is possible to gain a free licence for a year. 
[bookmark: _Toc480568143]Conclusion 
This chapter has discussed the research approach and development methodology that is used in this project. The research approach chosen is the phenomenology research philosophy that will involve the use of a focus group and questionnaire to gather qualitative results on the student’s perception of the teaching approach adopted. 
It has also been discussed that the Waterfall System Development Life Cycle will be used accompanied by Object Oriented methods to develop the framework. With growing popularity PHP is the chosen technology to teach design patterns and build the framework. 


[bookmark: _Toc480568144]Chapter 4 – Design and Implementation 
This chapter outlines the design decisions and implementation on the PHP framework built and the teaching approach that has been adopted. The design discusses the requirements for the framework and justification for teaching and using certain design patterns. The implementation section within this chapter discusses and describes how the framework was built and what teaching material was used. 
[bookmark: _Toc480568145]Design
From evaluating common PHP frameworks in the literature review, it was summarised that majority of these frameworks follow the Model View Controller architectural pattern, as well as other frameworks that was evaluated in Paikens and Arnicans study [40]. This architecture pattern however incorporates other design patterns within its structure. 
With MVC popularity increasing, the MVC pattern has been chosen as the main architecture of the custom framework. This will also help the students to learn how a system can be divided into layers and how each layer works together. 
As the MVC pattern has been adopted for this design and implementation, the framework was divided by various folders. As identified in the literature review, 3 of these files included models, views and controllers (Figure 4‑1). 
[image: ][bookmark: _Ref473564138][bookmark: _Toc480797726]Figure 4‑1 : Folder Structure


[bookmark: _Toc480568146]Overall Framework Design 
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[bookmark: _Ref473562886][bookmark: _Toc480797727]Figure 4‑2 : Overall Framework Design Class Diagram
The class diagram depicted in Figure 4‑2 illustrates the overall design of the custom framework. The left-hand side of the diagram, describes how the classes work together to process a request. The following patterns used for request handling involve the Front Controller, Application Controller, Registry Design Pattern and Command Design pattern. Alternatively, the right-hand side illustrates the database handling side of the framework which has been built as an Object Relational Mapper (ORM) incorporating various design patterns including the Domain Model, Data Mapper and Identity Object pattern. 
Due the nature of this project the design and implementation section of this project has been combined together.  
[bookmark: _Toc480568147]Implementation
The original framework was supplied by Mike Dacey, consisting of 9 classes that have been modified. These classes are Front Controller, Application Controller, Abstract Command, Response, Request, Registry, Router and View classes. However, the view class was heavily modified to accommodate the template engine Twig. The author then extended the framework to accommodate and Object Relational Mapper (ORM). The classes designed and implemented by the author are: Domain Model, concrete Models, Abstract Mapper, concrete Mapper classes, Collection Class, Collection Factory, Identity Object, concrete Identity Object, Field, Select and Update Factories. 
[bookmark: _Toc480568148]Registry and Singleton Design Pattern
Resulting in applications and frameworks adopting the MVC pattern, it can be difficult for a layer to access data that is contained within a different layer of the application or framework [14]. The required data could be passed along as objects within the different layers, but this increases coupling within the system forcing each object to be altered. These objects become tramp data [14], [41]. 
The Registry design pattern is a class that provides system wide access to objects and is commonly implemented using the Singleton design pattern. However, like the majority of design patterns, the Registry design pattern can be implemented in various ways. 
Although there are divided opinions surrounding the Singleton design pattern with many professionals calling it poor practise, Saray [18] claims the Singleton is the design pattern is commonly used. Along similar lines, Zandtsra [14] propounds the view that the singleton can be useful and a number of professionals, including himself still use this pattern. As there is only one registry that is required in this project, the Singleton Pattern will be used allowing only one instance to be instantiated of the registry class and allowing global access to it within the framework.  
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[bookmark: _Toc480797728]Figure 4‑3 : Registry Design Pattern UML Class Diagram
To stop client coders from instantiating multiple registry objects, the constructor of the application was set to private (Figure 4‑4). 
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[bookmark: _Ref476087851][bookmark: _Toc480797729]Figure 4‑4: Private Constructor
As client coders will be unable to instantiate a new Registry object, the class to contains a method called GetInstance(). This method checks if an instance has already been instantiated using an instance attribute and the PHP in-built isset() function (Figure 4‑5). If the instance attributed is not set, the class instantiates a new instance of itself and instantiates new instances of the request and response class. As the Registry class provides system wide access, the request and response objects are also instantiated in this class as these objects will be needed in most layers of the framework. 
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[bookmark: _Ref476087930][bookmark: _Toc480797730]Figure 4‑5: GetInstance() Method
The database connection is also instantiated using the SafePDO class [85]. This class extends PDO and catches any exceptions in alternative to displaying the SQL and exception on screen. This SafePDO class also contains getter and setter methods, allowing the client to acquire any data or objects that might be needed. 
[bookmark: _Toc480568149]Command Design Pattern
When interacting with an application, a request is sent to the application from the user. The application needs to decide what to do with this request without knowing the operation that has been requested. The Command design pattern encapsulates a request as an object that is used to perform a command. Zandstra [14] suggests that this pattern promotes prime enterprise design and incorporates this pattern into his projects. There are 4 participants within the Command design pattern, these are: 
1. Command Interface / Abstract class: Has an execute method to perform the command.
2. Concrete Command: Extends or implements the Command interface and provides an implementation of the execute method. 
3. Receiver: Command operates on this. 
4. Invoker: executes the command. 
5. Client: Instantiates the concrete command.
In this project, the Router class acts as the client and returns a concrete command to the Application Controller which then passes the command to the Front Controller (invoker) to execute the command (Figure 4‑6).  
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[bookmark: _Ref471677040][bookmark: _Toc480797731]Figure 4‑6: Command Design pattern UML Class Diagram
To implement the Command Design pattern, it was decided to implement an abstract command class and multiple concrete command classes that extend the abstract class. When handling a request, the Front Controller is unaware of what command it will execute in run time. The abstract class contains an abstract method named ‘Execute’ which all concrete commands are forced to implement. The Execute() method has been implemented to accept a request as a parameter and to return a response object. When the command has been executed, returning the response object allows the Front Controller to pass in the response object to the Application Controller which uses the response to return the appropriate view.
A Router class has been implemented to return the concrete command to the application controller. To do this, the class uses the GetCommand() method. In this method, a request object is passed in as a parameter and is used to obtain the request. If the request has not been set, a default command is returned. The default command is instantiated in the Router’s constructor and has been set to the home command to redirect users to the homepage. Secondly by using the request, a file path is constructed (Figure 4‑7). When constructing the file path, the word ‘Command’ is appended at the end of the request. This sets up a convention for the students to use. For the framework to run correctly, the students are forced to create their command classes ending with “command”. 
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[bookmark: _Ref476088015][bookmark: _Toc480797732]Figure 4‑7: File path enforcing a convention
After checking if the file path and class exists, the Router class uses Reflection to gain information about the concrete command class. The router uses this information to check if this command is a subclass of the abstract command class (Figure 4‑8), if not, the class throws an error. This also sets a convention, enforcing the students to extend the abstract command class when creating concrete command classes. 
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[bookmark: _Ref476088120][bookmark: _Toc480797733]Figure 4‑8: Subclass check
[bookmark: _Toc480568150]Front Controller Design Pattern
When summarising the MVC pattern in the literature review, it was discovered this architectural pattern commonly uses the Front Controller design pattern. This pattern offers a central access point for all requests. The request is channelled through a handler that dispatches the request to the appropriate or required command in a command hierarchy [14][86]. There should only be one Front Controller in the framework, therefore it will implement the Singleton design pattern.  
In this project, the Front Controller will use another type of controller called the Application Controller to retrieve the appropriate command to execute. 
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[bookmark: _Ref471395596][bookmark: _Toc480797734]Figure 4‑9 : Front Controller UML class Diagram
The UML class diagram (Figure 4‑9) for the Front controller illustrates the front controller’s structure and how it relates and uses other classes. Being a singleton, the Front Controller instantiates itself, if an instance does not already exist. 
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[bookmark: _Ref471396550][bookmark: _Toc480797735]Figure 4‑10 : Front Controller UML Sequence Diagram
The UML sequence diagram, represented in (Figure 4‑10) describes how the Front Controller will use and interact with other objects in the framework. Upon instantiation, the Front Controller will run the Application Controller’s Init() method. The Front Controller will then use the Application Controller (which uses the router object) to retrieve the appropriate concrete command.  Once the command is acquired, the Front Controller will execute the command. Upon receiving a response, the Front Controller again will use the Application Controller to retrieve the view to display. 
By providing a central access point, the Front Controller reduces code duplication and increases security, but by providing a single entry point, it can become congested (choke point) making it more difficult for forbidden attempts to access the web application [87]. 
When implementing the HandleRequest() method in the Front Controller, the controller uses the Application Controller to acquire the concrete command and view using its GetCommand and GetView methods, respectively (Figure 4‑11). This allows the Front Controller to follow the Single Responsibility Design Principle, making it solely responsible for handling the request and displaying the required view. This allows the Application Controller to control the flow of the application. 
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[bookmark: _Ref476088191][bookmark: _Toc480797736]Figure 4‑11: Handle Request Method
[bookmark: _Toc480568151]Application Controller
The Application Controller is a class that is commonly used by the Front Controller that centralises the control of the application. This pattern is responsible for controlling navigation, page flow and associating requests to commands and commands to views [14].
In this framework, the Application Controller delegates the responsibility of acquiring a command to the Router class (Figure 4‑12). This class, will acquire the required command from the uniform resource locator (URL) and will return a concrete command. 
[image: ]
[bookmark: _Ref471399589][bookmark: _Toc480797737]Figure 4‑12 : Application Controller Class UML Diagram
The Front Controller sequence diagram (Figure 4‑10) already outlines the process of the Application Controller and how it uses the Router class and returns the view to the Front Controller. To return the correct view to the Front Controller, the Application Controller uses the response object to acquire the view name and then maps the name to a file path that will be stored in an array (Figure 4‑13). The benefit of using this approach is that the developer does not need to know the exact file path of the view. Another benefit of this approach allows the view name to be changed and the new view name will still route to the correct view file. 
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[bookmark: _Ref471400176][bookmark: _Toc480797738]Figure 4‑13 : Application Controller Mapping Views
The Application Controller reduces code duplication and makes it easier to alter the flow of an application by only requiring changes to made in one place. Another benefit of using the Application Controller is this class encapsulates the  association between commands and views which offers increased flexibility when refactoring is needed [14]. 
In the implementation, the Application Controller uses an Init() method to instantiate a new Router object. The Application uses this Router object to fetch the required concrete command using the Router object’s GetCommand() method. This helps both the Application Controller and the Router class to adopt the Single Responsibility Design principle. 
The Application Controller stores the views within the system in an associative array. This array has been implemented to contain name and value pairs to map the views passed into the Response object to the required View Object (Figure 4‑14). 
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[bookmark: _Ref476088269][bookmark: _Toc480797739]Figure 4‑14: Associative Array containing view objects
[bookmark: _Toc480568152]Domain Model Pattern
Although Fowler [25] propounds the view that the Transaction Script pattern is the simplest and in majority of cases, the ideal  business logic pattern to use, Zandstra [14] identifies that this pattern is a typical quick fix because the Transaction Script is only suitable for smaller projects and applications. As a system extends and becomes larger, the Transaction Script pattern becomes less effective and can result in the same tasks being completed by different scripts causing code duplication [14].
The Domain Model Pattern however, allows various ways to structure code, increase readability, allow extensibility and decrease code duplication [25].  The Domain Model represents the real-world participants within a system [14] that abstract the real world problem, logic and data [41]. 
There are 2 types of Domain Model, a Simple Domain Model and a Rich Domain Model. Within a Simple Domain Model, each model reflects to a database table within the database structure while alternatively, a Rich Domain Model is different from the database and includes inheritance, strategies and other design patterns. 
In this project the Simple Domain Model will be used as it is easier to manage and a Rich Domain model is ideally suited for more complex logic, Sweat states [41, p. 286]: 
“Which style of Domain Model you adopt depends on the context of your application…if you’re writing a library that’s to be the core of a multi-million-dollar enterprise’s intranet infrastructure, then the effort you put into developing a Rich Domain Model is likely to pay off…”. 
[image: ]In this project, the framework will have an abstract Domain Model class that all models must extend. This abstract class will store the model’s ID and having getter and setter methods to allow access to this data (Figure 4‑15). 

[bookmark: _Ref471685443][bookmark: _Toc480797740]Figure 4‑15: Domain Model UML Class Diagram
To implement the Domain Model, an abstract class was chosen in alternative to an interface because it was wanted the abstract domain model to provide default functionality and data in the concrete model classes. 
The abstract Domain Model class stores the model ID and provides methods to acquire and set that ID. A Collection class will implement the Iterator pattern to store these objects. When a client requests a collection from the concrete class, the class returns the collection. Alternatively, if no collection exists, it will return an empty or null value. To overcome this issue, a method was implemented to return an empty collection object. 
To return an empty object, the GetCollection() method uses another class that adopts the Factory Method Design pattern to generate an empty collection. The decision of what concrete collection will be returned is based on the type that is passed in as a parameter. If no type is specified, the abstract domain model uses the get_called_class() function to return the name of the concrete model class that calls the GetCollection() static method (Figure 4‑16). 
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[bookmark: _Ref476088361][bookmark: _Toc480797741]Figure 4‑16: Get Collection method in Domain Model
The GetCollection() method within the CollectionFactory class, first replaces any unwanted characters from the type and attaches the word ‘collection’. The factory then checks if the collection exists. If the collection exists, the factory returns a new instance. Alternatively, the factory throws an exception (Figure 4‑17); 
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[bookmark: _Toc480797742][bookmark: _Ref476088410]Figure 4‑17
[bookmark: _Toc480568153]Data Mapper Pattern
From reviewing the literature, it is evident that majority of the PHP frameworks use and Object Relational Mapper (ORM). It was summarised that Symfony used a third party ORM called Doctrine, alternatively Laravel and the Yii Framework both use the Active Record design pattern. 
The Active Record Pattern is a simplistic and easy to learn pattern that majority of the population could read and write to a database. The problem with the Active Record pattern is that it maps directly to the database schema, wrapping a database row in an object. Each Active Record class also contains methods that can interact directly with the database allowing them to perform create, read, update and delete (CRUD) operations. This leads to increased coupling between application code and database structure [25], [41] making the application harder to test and refactor [25]. 
In comparison to the Active Record pattern, the Data Mapper pattern is a layer between the business logic and database that understands both type of representations of the information to able to transfer data between the two. This allows the databases to be hidden from the Domain Model and business logic keeping the in-memory objects and database independent of one another. This increases flexibility between the domain and database. 
The Data Mapper patterns consists of an abstract Mapper class and concrete Mapper classes (Figure 4‑18). From the UML diagram, it is seen that the Data Mapper pattern will work with the Domain Model and will use methods to process CRUD operations, keeping the Domain Model and Database Independent of one another. 
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[bookmark: _Ref471732799][bookmark: _Toc480797743]Figure 4‑18 : Data Mapper Pattern UML diagram
The sequence diagram describes how the Data Mapper interacts with other objects when searching for a record based on its Id. The Mapper will request the connection using a method in the Registry class and will then perform a select statement on the database to acquire the desired record. Once the record has been acquired by the Mapper, the Mapper will pass in the array returned by the database into its CreateObject() method to instantiate a new object which is then returned to the client. 
[image: ]
[bookmark: _Toc480797744]Figure 4‑19: Data Mapper FindById UML sequence diagram

Within the abstract Mapper class of the framework, the class uses the Registry object to obtain the database connection (Figure 4‑20). All database transactions are processed through this abstract Mapper class. Including the database connection in the abstract mapper helps with database abstraction, making the framework to be more flexible. If it we need to change the database driver, the connection would only need to be changed in the abstract mapper rather than in every concrete Mapper class. This allows extra concrete mapper classes to be added for different database drivers. 
[image: ]
[bookmark: _Ref476088510][bookmark: _Toc480797745]Figure 4‑20: Abstract Mapper Constructor
To help further with database abstraction, the Data Mapper pattern also works alongside the Identity Object pattern (Figure 4‑21). The Data Mapper uses this pattern to construct SQL statements within its concrete mapper classes. If the database driver is ever changed, this allows the SQL syntax to be changed in one place. 
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[bookmark: _Toc480797746][bookmark: _Ref480743095]Figure 4‑21
In this implementation, the abstract Mapper class uses methods to perform create, read, update and delete (CRUD) operations but delegates this process to the concrete Mapper class because it is the concrete Mapper classes that provide the details of the implementation based on the database table. An example of this implementation is the CreateObject() method in the abstract class that delegates the process to the DoCreateObject() method in the concrete Mapper. When the abstract class fetches a record from the database, it instantiates a new object based on the concrete Mapper that is used (Figure 4‑22). This encapsulates the details, making it easier for the client to fetch, delete, update and insert new objects and data to the database. 
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[bookmark: _Ref476088584][bookmark: _Toc480797747]Figure 4‑22: Do Create Object Method
[bookmark: _Toc480568154]Iterator Design Pattern
It is simple using the Data Mapper pattern on its own to add, update, delete or read single records from the database but it becomes somewhat difficult when retrieving a significant amount of data from the database. Objects can be returned in an array, although this requires each object to be instantiated first [14]  and can cause slight overhead if thousands of objects are returned 
To solve this problem, the framework will contain a collection class that implements the Iterator interface. This interface requires the Collection class to implement methods that allow one to query a list [48]. 
This pattern will work alongside the Data Mapper pattern (Figure 4‑23) and will store the retrieved result set in an array in the Collection class. When a certain data set element is requested, the class will use a method to check if an object already exists in an objects array. If false, the collection will instantiate a new object and return it to the client. 
[image: ]
[bookmark: _Ref471737924][bookmark: _Toc480797748]Figure 4‑23 : Collection Working with the Data Mapper Pattern
When implementing collections in the framework, an abstract Collection class and concrete Collection classes have been used. The abstract class contains functionality that all concrete classes must implement, on the other hand, the concrete collection class represents and returns the type of collection, for example a booking collection.
 The abstract Collection class was implemented using the PHP in-built \Iterator interface because the pre-defined methods used in this interface allow the class to be used in a foreach loop just like an array. 
The abstract collection class stores the raw data of the collection within an array and when requested by a client, the GetCurrent() method (Figure 4‑24) is used to instantiate the current array item to an object. To do this, the mapper is passed into the collection constructor and the GetCurrent() invokes its CreateObject() method, passing in the current array item. This only requires the current element to be instantiated as an object reducing overhead. Once instantiated, the new object is added to an objects array. 
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[bookmark: _Ref476088700][bookmark: _Toc480797749]Figure 4‑24: Get Current Method in Abstract Collection Class
The abstract Collection class also allows new objects to be added to existing collections. An Add() method has been implemented and uses the TargetClass() method (Figure 4‑26), implemented by the concrete Collection which returns the collection type to check if the object passed in to the Add() method is an object of the class returned. This stops other object instances from other classes being added to that collection. 
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[bookmark: _Toc480797750]Figure 4‑25: Add Method
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[bookmark: _Ref476088884][bookmark: _Toc480797751]Figure 4‑26: Concrete Collection Target Class method
[bookmark: _Toc480568155][bookmark: _Ref480742757]Identity Object Pattern
Although the Data Mapper pattern is deemed an appropriate pattern for Object Relational Mapping (ORM), it does have its flaws. It is difficult to predict what client coders will query in the future. The larger the size of the domain model in a system, the more filters a client coder will need to use to get the results they require. One solution to this problem could be adding extra methods to each mapper class to accommodate these filters, although this causes inflexibility and code duplication as similar SQL statements will be generated across multiple mapper classes also causing coupling. 
However, another solution is the Identity Object Pattern (named by Zandstra [14]). This pattern encapsulates the conditional element of the query criteria and allows multiple query criteria combinations to be combined at runtime, in alternative to writing an extra SQL query in a concrete mapper class. Using the Identity Object pattern decouples the system from the database syntax, changing the database syntax just requires either a new class can be added or changes to the syntax will only need to be edited in one place. 
In this implementation, the Identity Object pattern will include an Identity Object class, a Field class and a Select Factory class. The field class will store and encapsulate the data to be compared. The Identity Object class will work alongside the Field class to store and set the query criteria. The Identity Object class will also store an array of the required fields that represent the fields in the database table.  To build the SQL query, the Identity Object will use a Select Factory class. This class will accept the Identity Object and based on the fields, query criteria and any other data, the factory will build and return the SQL statement.  
To execute the returned statements, the Identity Object pattern will work alongside the Data Mapper pattern. The Data Mapper pattern will use a method to accept an Identity Object to search for records based on the query criteria held in the Identity Object. Although it does not work with the Identity Object directly, an Update Factory will be used and implemented in the Data Mapper class to reduce code duplication. This Update factory will accept a Domain Model object as a parameter and based on  the ID being set, it will generate either an Insert or Update SQL statement, therefore reducing code duplication by eliminating the need for similar update and insert statements across concrete mapper classes. This design completes the Object Relational mapping for the framework (Figure 4‑27). 
[image: ]
[bookmark: _Ref473108317][bookmark: _Toc480797752]Figure 4‑27 : Identity Object working with other classes to form an ORM
The sequence diagram in (Figure 4‑28) depicts how the framework will use the Identity Object to acquire results through the concrete mapper object’s Find method. 
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[bookmark: _Ref473111095][bookmark: _Toc480797753]Figure 4‑28 : Sequence Diagram using the Identity Object Pattern with Mapper Find method
The Identity Object will also be used in the concrete mapper objects to acquire a record with a specific id.  When the FindById() method in the abstract Mapper class is invoked, it will delegate the process to the SelectStatement() method in the concrete Mapper. In this method, an Identity Object will be instantiated and used to acquire the correct record. The sequence diagram in (Figure 4‑29) illustrates the interaction between the classes. 
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[bookmark: _Toc480797754][bookmark: _Ref473111516]Figure 4‑29
The Identity Object class has been implemented as an abstract class because it is this class that manages the common operations that are required by the Identity Object subclasses. This also allows the concrete Identity Objects to share a type, allowing an Identity Object to be passed into the Find() method in the abstract Mapper class in the Data Mapper pattern without knowing the concrete Identity Object will be used.  
In its constructor, the Identity Object abstract class accepts two parameters, a field and an array of required fields, although both have the default value of null. This allows the client coder to either specify a field when instantiating an Identity Object or to use the Field() method. The required fields however, is passed in by the concrete Identity Object, as they contain the field names that are associated with the database table. 
To store the comparison data of an SQL query, various arrays and methods are used. The Field() method (Figure 4‑30) has been implemented to accept a field name. This method first checks to see if the current field has been completed using the IsVoid() method and the IsInComplete() method. Both methods return an empty array. After that check, the method identifies if the field passed in is currently set in the fields array. If the field is already contained in the fields array, the method does an additional check and validates if this is in the required fields array using the ValidateField() method. This check is done because it stops the client coder from adding fields that are not used in the database table. Alternatively, if the field name is not in the fields array, the method instantiates a new Field object passing in the field name, sets it to the current field and then adds it to the fields array. 
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[bookmark: _Ref476088976][bookmark: _Toc480797755]Figure 4‑30: Field Method
To add comparisons to the field, Add(), Equal(), GreaterThan() and LessThan() methods were added to the Identity Object class. These methods are associated with the comparison operator. Each of these methods invoke the Operator() method (Figure 4‑31), passing in the appropriate operator and a value. The Operator() method then calls the AddComparison() method on the current field, adding the comparison to the field. 
[image: ]
[bookmark: _Ref476089318][bookmark: _Toc480797756]Figure 4‑31: Operator Method
Other arrays and methods was added to the Identity Object class to support other SQL query criteria such as Joins, Group by and Order by clauses. 
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[bookmark: _Toc480797757]Figure 4‑32: Method to Add a Group by Clause
Implementing this class, by passing in the required fields, this can limit the type of queries, client coders can build, for example the use of aggregate functions. To address this problem, a method was added to the identity object to allow the client to add a field constraint. 
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[bookmark: _Toc480797758]Figure 4‑33: Add Field Constraint Method
Most of the methods in the Identity Object class, return an object instance using the ‘$this’ keyword. This allows client coders to chain the methods together, resulting in the client code representing the criteria almost like a sentence making it easier for client coders to read and understand. Particularly if they do not understand SQL syntax.  
To build the query, this pattern uses a SelectFactory class which contains two methods. The method used by the client coder is the NewSelectStatment() method. This method accepts an Identity Object and the table name, allowing only one class to be used rather than multiple concrete classes. This method uses the Identity Object to get the fields of the table to build the core of the SQL statement (Figure 4‑34). 
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[bookmark: _Ref476089519][bookmark: _Toc480797759]Figure 4‑34: New Select Statement Method
The NewSelectStatement() method then invokes the BuildClause() method to build the remaining section of the SQL statement. This method is a private method and encapsulates its process from the client coder. The method loops through the comparison data within the Identity Object adding the name and operator of the comparison along with a parameter place holder to an array. The value of the comparison is added to a separate array. The method then builds the WHERE clause section of the SQL statement before returning both the remaining statement and value back to the NewSelectStament() method. 
To return the statement and values back to the client coder, the List function was originally used. This function assigns variables as if they were an array [88], however,  this caused an offset error. To overcome this issue, the return array() method was used assigning both the statement and value to array key elements. This allows the client coder to retrieve the statement and value using the array keys and allows the statement to be prepared and executed normally (Figure 4‑35). 
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[bookmark: _Ref476090168][bookmark: _Toc480797760]Figure 4‑35: Preparing and Executing the generated statement
As stated in the design, the Identity Object works alongside the Data Mapper pattern so after implementing the Identity Object pattern, the Data Mapper pattern was refactored to accommodate the Identity Object. This meant that not so many methods were needed to perform the common CRUD operations. Originally, a Select Factory class was instantiated in each of the concrete Mapper classes causing more objects to be instantiated than needed. To resolve this, the SelectFactory class is instantiated in the abstract Mapper class. 
[bookmark: _Toc480568156] Template View Pattern
Commonly when building applications that use server pages, it is very tempting to use conditional logic within the Hypertext Mark-up Language (HTML), especially in PHP. The problem with this approach is it makes it difficult for the front-end web developer / designer to amend the presentation of the application. Other drawbacks that surrounds this approach involves testing and code duplication. With testing made more difficult, applications become more prone to errors and with code duplication, the application can become tedious to debug. 
As identified in the literature, the MVC pattern already addresses this problem by separating the level of concerns by applying layers to the system architecture and keeps the views and presentation independent from any logic code. When evaluating PHP frameworks, it was discovered that some frameworks use a PHP templating system to display dynamic data. To do this, templating systems use placed tags in the HTML mark-up which are generated into values using a helper object [14], [25]. 
In this framework, the view will be represented as a single class. This class will store the path of the HTML file and will use the Twig template engine (by Symfony) to display the dynamic content. 
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[bookmark: _Toc480797761]Figure 4‑36 : View Class
To implement the Template View pattern, a template engine named Twig was chosen. Twig was developed by Fabien Potencier (the creator of Symfony) and was chosen because it is an easy template engine to learn. To use Twig, Twig was installed using PHPStorm adding a dependency to Composer. The version was selected and installed. 
A new Twig Loader must be instantiated along with a Twig environment (Figure 4‑37). The Twig filesystem loader instructs Twig where to find the views and the Twig environment creates a new Twig instance. 
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[bookmark: _Ref476090141][bookmark: _Toc480797762]Figure 4‑37: Instantiating Twig
As collection objects store multiple records, to display these records using Twig, the collection object was passed in the Twig render() function. This function passes the data into the template and displays the resulting HTML page. However, displaying results this way, causes an error as the render() function can only accepts the path of the view and can only accept data in arrays. 
The first approach to solve this problem involved retrieving the raw data in the Collection object using the GetRaw() method to save the associate array to a variable. This allowed the data to be passed into the response object. The view then uses the response object to retrieve the data and passes it into the Twig render() function. When assigning the data to the response object, the data is assigned to a name, value pair. As the View class uses the name to retrieve the data, this forces client coders to follow a convention naming their responses “data”. 
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[bookmark: _Toc480797763]Figure 4‑38: Acquiring the data using the response object
It was thought this would work, but again the same error occurred. To the solve the problem, the raw data array was stored into another associative array assigning it to an array key allowing it to be accessed by the template. 
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[bookmark: _Toc480797764]Figure 4‑39
Assigning the array to a named key, forces coders to follow the convention to use the word “data”. 
[bookmark: _Toc480568157] Testing 
To test the framework, PHPUnit was chosen to build and run unit test. To install PHPUnit, a dependency was added to Composer in PHPStorm. To confirm PHPUnit was installed correctly, a simple test was implemented (Figure 4‑40). In this test, a value got assigned to a variable and the PHPunit’s assertEquals() method was used to compare the expected value to the actual value. The test run and passed (Figure 4‑41). 
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[bookmark: _Ref476090251][bookmark: _Toc480797765]Figure 4‑40: Simple PHPUnit Test
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[bookmark: _Ref476090328][bookmark: _Toc480797766]Figure 4‑41: Unit Test Passing
However, when creating other tests for classes, an unexpected error code with an error message stating “Framework quit unexpectedly with exit code 255”, meaning the test did not run. After much research and trying various solutions including changing configuration files, a solution could not be found to the problem.  It is thought the require_once() statements were causing the issue, because when the require_once() statements were not used, the test would run and fail but when included in the tests, the test would not run. Even after emailing the developer of PHPunit Sebastian Bergmann, Sebastian replied with no suggestions what could be causing the error or how to fix it. 
To solve this issue, a custom test system was implemented. The Observer design pattern was used (Figure 4‑42) to allow multiple tests to be added to a ClassTester class that implements an ITester (IObservable) interface. This enforces the ClassTester class to implement methods to attach, detach and notify Test classes. Once multiple tests have been added, the notify() method in the ClassTester class can be used to loop through each test, causing them to run altogether helping to save time rather than running each test individually.
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[bookmark: _Ref476090429][bookmark: _Toc480797767]Figure 4‑42: Observer Pattern used for testing
The abstract Test class stores an array of messages, allowing messages to be added if a test fails or passes. The Test class also uses the get_class() method to return the current calling class. To perform a test on the concrete test classes, the abstract class contains methods which follow the same concept of PHPUnit’s testing strategy. These methods can be used to compare a set of values, test if a method returns true or false and to check if a value is an array. 
To run the tests, the command “RunTests” needs to be added as a parameter to the URL which is illustrated below: 
“url/?cmd=RunTests”. 
To display the results, a HTML Twig template (Figure 4‑43) which loops through the array of messages and displays them on screen (Figure 4‑44). 
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[bookmark: _Ref477353794][bookmark: _Toc480797768]Figure 4‑43: Twig Template
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[bookmark: _Ref477353849][bookmark: _Toc480797769]Figure 4‑44: Test Results
[bookmark: _Toc480568158] Teaching Approach and Plan
To teach students design patterns, a teaching plan has been designe. This plan has been designed in such a way that students first start off with smaller problems and in each lecture a new and more difficult pattern and problem is introduced. The last task of this approach involves the students using what they have learnt throughout every lecture and putting it all together to solve a larger problem. 
[image: ]
[bookmark: _Ref473115167][bookmark: _Toc480797770]Figure 4‑45 : Teaching plan
As represented in Figure 4‑45, likewise to MVC, the teaching plan has also been divided into layers. The overall structure of MVC will first be explained to help students understand why they will be learning the design patterns and how they all relate to one another. The teaching approach starts off with the smaller and simple design patterns first in the view/presentation layer and then moves on to controllers, finishing with a more complicated ORM and model layer. 
[bookmark: _Toc480568159] Teaching Materials 
Teaching materials was implemented as HTML pages following Mike Dacey’s structure convention. These pages detailed the name of the design pattern for that task, the motivation of the pattern, the UML diagram, its usage and the details. This allowed to explain to students why they were implementing the pattern, giving them an understanding how it would be used and how it works with other patterns to solve a bigger problem. 
The HTML pages includes a Prism Cascading Style Sheet (CSS) and a Prism JavaScript file. This is syntax highlighter was used to highlight code examples on the HTML page. This allows the code to become easier to follow when a student is reading it. For example, explanations on the HTML pages refer to methods in the code, the JavaScript file allows students to click on the method name and then reverts the student to the method in the code example. This works using the data-lines stated in the <pre> HTML tag. 
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[bookmark: _Toc480797771]Figure 4‑46
At the end of each exercise in the HTML page, a set of hints are hidden using jQuery. This hides the hints from the students and if a student needs help completing a task, they can click on each hint allowing jQuery to reveal the hint using its slideToggle() function. The number of hints clicked by each student has also been chosen to be recorded to evaluate how much scaffolding each student needed. To do this, Ajax (Figure 4‑47) was used to post the data to a PHP page to add the data to a database. The code was added to separate file to reduce code duplication across the HTML pages. 
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[bookmark: _Ref477354052][bookmark: _Toc480797772]Figure 4‑47: Ajax Code
[bookmark: _Toc480568160]Hosting 
To enable the students to complete the tasks, the framework exercises were hosted in a virtual server at the university. WAMP server was installed on the virtual server which was used to host the HTML framework exercises and a database.  
[bookmark: _Toc480568161]Chapter 5 –Analysis 
To evaluate the effectiveness of the teaching approach and materials used to teach software design patterns, a hint system was used to gather quantitative data and a focus group was used to collect qualitative data. A questionnaire was also distributed to collect both quantitative and qualitative data.  
[bookmark: _Toc480568162]Quantitative Data
[bookmark: _Toc480568163]Hint System
Using the hint system to collect data allowed the author to identify how many hints the students clicked on each task and to determine how much scaffolding was needed per exercise.
[bookmark: _Toc479899769][bookmark: _Ref477556754]Table 1
	Exercise No
	Exercise Name
	Number of Hints
	Student 1
	Student 2
	Student 3
	Student 4
	Student 5
	Student 6
	Percentage of hints Clicked

	1
	Registry Pattern
	3
	3
	Abs
	3
	3
	3
	3
	100%

	2
	Application Controller
	3
	0
	0
	0
	0
	0
	0
	0%

	3
	Front Controller 
	3
	0
	3
	0
	0
	0
	0
	16.6%

	4
	Command Pattern
	3
	0
	0
	0
	3
	0
	0
	16.6%

	5
	Domain Model
	2
	0
	2
	0
	2
	0
	0
	33.33%

	6
	Data Mapper Pattern
	3
	0
	2
	1
	3
	1
	0
	38.6%

	7
	Collections
	4
	2
	Abs
	4
	1
	0
	0
	35%

	8
	Acquiring Collections
	4
	4
	Abs
	4
	4
	4
	4
	100%

	9
	Identity Object Pattern
	2
	2
	Abs
	Abs
	Abs
	2
	2
	100%

	10
	Update and Select factory
	3
	3
	Abs
	Abs
	Abs
	3
	3
	100%

	11
	Template View Pattern
	3
	3
	Abs
	Abs
	Abs
	3
	3
	100%



Table 1 display the raw results collected from the hint system. Within this table, “Abs” stands for absent. This shows that there were inconsistent attendances each week in the teaching process. Resulting in some exercises having different amount of hints than others, a percentage has been calculated to display the percentage of hints that was used on each exercise by the students. This percentage was calculated by adding all the amount of hints clicked by all participating students of the exercise. 
In the first exercise (the Registry pattern), all students who attended this lecture clicked on every hint that was available. This was expected as it was the first exercise to be given to the students starting a new topic. However, the patterns and exercises that followed the Registry pattern exercise, did not have so many hint clicks. From the table, it is seen that the Application Controller exercise received no hint clicks. This result may have been biased by students being aware about the amount of hints they were clicking was being collected. 
As difficulty increases, the number of hints clicked also increases. This was expected because as identified in the Literature Review, scaffolds can help students complete a task that they not might complete independently. 
The Acquiring Collections, Identity Object and the Select and Update Factory exercises were the most difficult out of the 11 exercises that were distributed which is reflected in these results. It is also noticed, in the lectures that these exercises were distributed, there was very poor attendance (Figure 5‑1 shows the relationship of the percentage of hints clicked compared to the student attendance in each exercise). Given the difficulty, as expected, all the students who attended these classes used every hint that was available.
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[bookmark: _Toc480797773][bookmark: _Ref477614431]Figure 5‑1
An unexpected result was the amount of hints that were clicked for the last exercise, the Template View pattern. It was expected that the students would find this exercise simpler compared to the previous exercises before it, however, all students clicked on every hint available. The last exercise was too difficult because too much was asked. This could have been because the exercise was more complex than what it really needed to be. 
From looking at Figure 5‑1 and Figure 5‑2 it is clearly seen that the trend was more hints were used as the exercises became more difficult. 
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[bookmark: _Ref477614533][bookmark: _Toc480797774]Figure 5‑2: Percentage of Hints Clicked Per Exercise
One issue of this data collection method involved inconsistent attendances each week and students not catching up (as already seen in the raw results). This has resulting in a slight imbalance of the results, especially in the later exercises where there were only 3 students who participated. For example, if all 6 students attended and attempted the exercises, the results could have been different as the remaining 3 students may have not needed all hints to complete them. However, based on the 3 students that attended every lecture, the relationship of scaffolding in each exercise is not that much different (Figure 5‑3). 
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[bookmark: _Toc480797775][bookmark: _Ref477615916]Figure 5‑3
As seen in Figure 5‑3, the trend of hint clicks is very similar to the results including all 6 students in Figure 5‑2. 
[bookmark: _Toc480568164]Questionnaire 
Although the main data collection method for this project was a focus group, a questionnaire was also constructed to collect both quantitative and qualitative data. The questionnaire is an electronic copy that was posted on esurv.org and can be found at https://eSurv.org?u=spteaching.  This allowed students to complete the questionnaire quickly and posting it online lowered the risk of any data loss. 
The questionnaire used the Likert scale to allow the students to rate the questionnaire statements. The rating system involved responses from Strongly Disagree to Strongly Agree with each response given a value (Table 2). 




[bookmark: _Ref477617685][bookmark: _Toc479899770]Table 2 : Likert Rating System
	Response
	Rating Value

	Strongly Agree
	5

	Agree
	4

	Neither
	3

	Disagree
	2

	Strongly Disagree
	1



The statements used in this questionnaire are displayed in Table 3.
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	Question Number
	Statement

	Q1
	The teaching approach helped me recognise the importance of solving problems in programming

	Q2
	I have learnt more by attempting to solve problems myself

	Q3
	The teaching approach leads to more class interaction between students and the facilitator

	Q4
	I found the class more interesting when trying to solve the challenges presented by the facilitator

	Q5
	I prefer to follow code or solutions, step-by-step with the lecturer

	Q6
	The teaching approach helped me gain a better understanding of the technologies or principles being taught

	Q7
	It is more interesting to discover problems myself, as a consequence of completing the previous task

	Q8
	I prefer to learn new technologies or concepts by building my own solutions

	Q9
	Sufficient amount of documentation and instruction was provided to attempt the exercises

	Q10
	Providing hyperlinks between the code in the documentation enabled me to follow the code

	Q11
	The exercises provided a gradual increase of difficulty

	Q12
	Hints provided helped me complete a task that I would have not been able to complete independently

	Q13
	Hints provided were of good quality and helped me think about the solution differently

	Q14
	I will be more confident in studying new technologies in the future



While analysing the results from the questionnaire, each statement was given an overall rating based on the student’s responses. Within these results, a median response was also calculated for each statement. The median was calculated by ordering each rating from lowest to highest and the median is the value at the halfway point. The median was chosen over the mean because the median is less likely to be affected by any extreme results [80]. The raw results produced in the questionnaire are listed in Table 4.
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It can see from just looking at this table that majority of the questions have a rating of 60% and above. It is also noticeable that majority of the questions having a median of 4 indicating majority of the students agreed with these statements. 


Problem Based Learning Questions
[image: ]
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It is evident from the ‘questions by rating’ bar chart in Figure 5‑4 that question 1 has the highest rating (rating at 86.67%) out of all the 14 questions. Question 1 asked “The teaching approach helped me recognise the importance of solving problems in programming”. 4 of the 6 respondents agreed with this statement while the remaining 2 respondents strongly agreed. This is essential for Problem Based Learning (PBL) to be successful. 
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[bookmark: _Ref477777622][bookmark: _Toc480797777]Figure 5‑5: Problem Based Learning Questions by Rating
Other questions relating to PBL does not score has high. However, majority of the PBL questions scored a rating of above 60% (Figure 5‑5). Within these questions, majority of students stated that this teaching approach increased interaction between the students and facilitator (Q3) with a rating of 76.67% rating. When asked “I prefer to learn new technologies or concepts by building my own solutions”, students also suggested that they prefer to build their own solutions to help them learn new technologies giving the question an overall rating of 70%. In these questions, students also suggested in question 2 and question 7 that they find it more interesting and they learn more by identifying and solving problems themselves. Despite the low percentage rating of 66.67%, relating to students identifying and solving problems themselves, questions 2 and 7 both scored a high median of 3.5 and 4 (Figure 5‑6) with most students agreeing and strongly agreeing to these questions. It was identified that other studies [55], [58] that used a modified PBL teaching approach could be successful and that PBL can increase the student’s problem solving skills. 
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 Overall, the PBL section of this teaching approach scored an average of 69.53% which suggests that the students liked having the problem as the main driving force, however there is one question that catches the eye with a low percentage rating. Question 6 which asked, “the teaching approach helped me gain a better understanding of the technologies or principles being taught”, has the lowest rating out of the PBL questions (Figure 5‑5) of 56.67%. Despite students suggesting they learnt more by identifying and solving problems themselves, majority of the students neither agreed or disagreed that the teaching approach helped them gain understanding of the technologies or principles being taught. however, 1 student did agree. This lends support for both Williams el at [67] and Albanese [68] claims that they feel that PBL does not increase student performance.
Scaffolding Questions 
Looking back at Figure 5‑4, question 10, question 12 and 13 have scored high ratings of 80%, 80% and 73%. These questions surround the Scaffolding section of the teaching relating to the scaffolds supplied and the teaching materials used. Respondents have suggested that using Prism for hyperlinks in the documentation allowed them to follow the code more easily. In question 10 students were asked “providing hyperlinks between the code and documentation enabled me to follow the code”. Nearly all respondents either agreed or strongly agreed with only 1 student neither agreeing or disagreeing. From the focus group, it was identified that 1 student did not use this facility which is mostly the reason they could not agree or disagree. Likewise, to question 10, question 12 that asked students “hints helped me complete a task that I would have not been able to complete independently” also was given a very high rating of 80% with 2 students strongly agreeing, 2 students agreeing and 2 students neither agreeing or disagreeing. Students feel that hints provided were of good quality, helped them think about solution differently and helped them complete a task that they might have not completed independently. It was identified in a study [74] that scaffolds helped their students apply software design patterns to their solutions.
With and average rating of 71.27% (questions 9 - 13), this argues Greening’s [75] claim that there is a need for scaffolding in a problem based learning environment.
 However, what decrease the average of the scaffolding based learning questions, is the poor rating given to question 9. This statement asked if there was enough sufficient documentation and instruction to attempt the exercises. Although 2 students agreed with this question, 3 students disagreed causing such a low median.  The lack of quality of teaching materials was identified by Ouyang [49] suggesting examples were too simple, In this approach examples could have been too complicated requiring students to need more information. 
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After the last lecture, a 10-minute focus group was used to understand how the students felt towards the teaching approach. The focus group consisted of 6 students. The focus group started with the facilitator thanking everyone for participating and the students were given an explanation what the research involved. The facilitator then started the focus group by specifying some discussion points. 
Importance of Solving Problems in Programming
The students were first asked “did this teaching approach help you identify the importance of solving problems in programming?”. 
One student stated:
“It presents you with a lot more problems as you are building something from scratch, however I worked through each one by one to get the solution and it made me feel good that I was solving them myself.”
Along similar lines, another student quoted: 
“Trying to solve the errors helped you learn”. 
This feedback indicates that students enjoy solving problems and although they may not find the solution first time. They learn how each pattern relates to one another by solving additional errors which can help when in industry. 
Teaching Materials
When asked about teaching materials, students suggested that more background information was needed. One student suggested:
“More background information is needed because in a lot of the exercises, I was unsure what to do, especially the first as I was unsure how MVC worked.”
This could explain the reason why so many hints were clicked in the first task. Other students quoted: 
“extra examples would have been nice”. 
“More information could have been provided to help complete the exercises, especially as I felt that I was asking you for too much help.” 
These results were unexpected because when developing the teaching materials, as much information on how the patterns worked was included, trying to make it as simple as possible without giving away the solution. 
Along similar lines, another student quoted that they would have liked the lecturer to of spent more time explaining the pattern. 
Another student suggested that more information could have been provided, but as an option. 
Despite these findings, one student also suggested that the teaching approach that had been adopted is more pro-active than the traditional lecture based method, he stated: 
“Although, it is better this way than just copying the lecturer, I do not remember much when I just copy off the board.”
This was expected as it was identified by Cinnéide and Tynan [58] that traditional lecture-based teaching gives students an insufficient feel for design patterns. 
Scaffolds and Prism
When asked about the scaffolds, feedback was very positive. One student stated:
“I found myself opening them, more or less, every time”.
Despite this feedback, this is not reflected in the questionnaire results, however the most recent exercises could have been on the student’s mind. 
When discussing Prism, the students came across very enthusiastic. One student replied with: 
“it makes it 100% easier!”
Other students suggested: 
“it saves you time from looking through all the code. The colour also helps as it is like a normal text editor.”
Overall Experience
When closing the focus group, the students were asked about their overall feelings towards the teaching approach. One student quoted:
“Needs more explanation at the beginning”
Other students stated:
“It’s a good way and it could really work with some adjustments”. 
Another student suggested: 
“I would suggest having a smaller end product, but apart from that, it works fine.”
This particular statement was unexpected as one issue identified surrounding design patterns in the education environment is that examples used in textbooks are too simple to use in real-world problems and applications.
[bookmark: _Toc480568167]Summary
In the results, it was identified that students more likely needed scaffolding in the later exercises in comparison to the earlier exercises. It is suggested that this learning approach really helps students to identify the importance of solving problems in programming. Students find it interesting to identify and solve problems themselves which helps them more likely to learn, especially when encountered with errors. Students really liked the use of Prism, stating that the hyperlinks in the text really helped them to search through the code examples quickly and effectively, making it easier to understand. The students suggested that the hints provided were of good quality and really helped them complete exercises that they would have not been able to complete independently.  

[bookmark: _Toc480568168]Chapter 6 – Evaluation
Based on the findings in the analysis, the data presented that Problem Based Learning is not entirely an effective teaching approach that other studies concluded, identified in the Literature Review. It was also evident from the main findings that Scaffolding Based Learning is an effective approach. 
Although the findings suggest that extra background information is needed, looking at the overall results, it can be concluded that the overall teaching approach, Scaffolding Problem Based Learning adopted in this project has been effective. With small adjustments to provide extra background information, the teaching approach and use of a framework can be very effective to teach students software design patterns. Using scaffolds in this teaching approach as also helped the students to identify and to solve problems themselves. 
Within this project, all objectives, including the main aim were met. To achieve the first objective, the most common PHP frameworks were investigated identifying all their features and the common features between them. Design patterns were also evaluated for their effectiveness within software development and as an essential component within computer science education curriculum. After identifying common features between frameworks and the investigation of teaching approaches, a framework and a teaching approach developed by Mike Dacey were applied and implemented. The teaching approach required students to finish building the framework using the teaching materials developed using HTML 5, JavaScript, jQuery, Ajax and PHP by the author. 
If this research was to be performed again, more instructions in the documentation would be provided. The design patterns chosen for this project would also be used again as these offer best practises to separate the levels of concerns, dividing applications into layers. However, other smaller design patterns that are illustrated and implemented in the GoF [8] book “Design Patterns: Elements of Reusable Object-Oriented Software” would be taught to students. Identified in the Literature Review, this book includes examples that are too abstract for students to follow, therefore it would have been ideal for some of these examples to be implemented into the framework to help students understand how they can be incorporated into larger scale enterprise applications.  

[bookmark: _Toc480568169]Chapter 7 – Conclusions and Recommendations
Within this project, productivity within the software development industry was evaluated as well as how productivity is measured within software development. In the late 1970’s, the introduction of object-oriented programming improved the quality of code produced and productivity of software developers. 
The increase popularity of object-oriented programming resulted in the introduction of software frameworks which are built on common design patterns, allowing developers to build applications more rapidly. Five of the most common PHP frameworks that are used today were evaluated which identified features that all five share in common. 
It was evaluated that software design patterns offer best practise in software development with many professionals now adopting this approach. This has resulted in software design patterns becoming an essential component within the computer science education curriculum. However, design patterns are one of the last topics to be taught at university. Teaching materials and examples in textbooks are known to be too abstract, simple and lacking in quality, making them difficult to use in real-world problems and applications. This has resulted in students gaining an insufficient feel for design patterns, resulting in students not being able to apply them in industry due to design patterns becoming surface knowledge. 
As a result of this, pedagogical approaches were investigated which identified that Problem Based Learning has been used as an effective approach within the medical industry. Although there was not much research surrounding Problem Based Learning for teaching design patterns, studies that used a modified approach were successful. Scaffolding Based Learning was also investigated. This is an approach that use temporary support structures known as scaffolds to help students complete a task that they could not complete independently. Combining the two approaches was also investigated, following the approach specified by Mike Dacey.
A MVC PHP framework was extended to incorporate the design patterns and features that all the most popular frameworks had in common. A teaching approach and materials was also designed and developed, beginning with smaller problems to help students learn to solve bigger problems by incorporating the previous knowledge they had learnt. These teaching materials included HTML pages that included scaffolds in the form of hints that were hidden by jQuery. If the student needed assistance in completing the exercise, they could click on the hint to reveal its contents. 
The key findings from the analysis and evaluation was that scaffolding in a Problem Based Learning environment is an effective teaching approach. However, in this study extra instruction and documentation is needed. 
One limitation of this study was the size of the student body, which consisted of just 6 students, however, this allowed more personal interaction between the facilitator and each student within the group. It is suggested that further research would need to include more documentation and instruction with the pattern being explained more before implementation. It is also suggested that further research should be performed on larger groups of students and in earlier years within the undergraduate degree discipline. 
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When researching PHP frameworks, although some academic journals were available, they did not identify any of the features of each framework. This caused me to search and read through online documentation. With the internet being really accessible, the internet can contain many unreliable resources. Because of this, I learnt how to identify the more reliable information compared to information that was unreliable. 
Along similar lines, when researching other areas, many academic journals were available from various years, including both old and more recent. In the beginning of the research, I would read the whole journal, however would miss important information causing me to re-read it. Later, I would plan what I would write in my literature, but I would forget what journal I read the information. This would take up extra time that was unnecessary. As a result, I learnt how to read journals more efficiently and effectively. I then started to use posted notes on each journal or book so when it came to referencing, All I had to do was to check the posted notes to identify the sources where I had read the literature.  When reading academic journals and other sources, it made me realise how much better quality of information is available in comparison to books and websites. This has also helped be in other assignments throughout the academic year. 
[bookmark: _Toc480568172]Design and Implementation
When developing the framework, 2 versions were developed and maintained. When making amendments to the completed version, sometimes I would forget to make the same amendments to the uncompleted version. When it came to the students extending the uncompleted version, on occasions the students would be presented with errors because of this mistake. This taught me that I need to be careful when amending code and if the code is in 2 places, care needs to be taken to ensure that both areas are changed. Within industry, if this mistake happened it could cause a devastating effect (depending on the context). However, from this experience I also learnt the importance of reducing code duplication when coding. This is an advantage for using design patterns, including the Model-View-Controller architectural pattern. This helped to put the literature into context and proved how important and effective design patterns can be in the software development industry. 
When designing the framework, teaching materials and facilitating the lectures, I learnt that because I find a subject or topic easy to understand, it does not mean that others would find it as easy to understand. This was one of the main learning curve for myself during the project. When designing and structuring the exercises, I had to be mindful of this, ensuring that I was not asking too much of the students. This meant that the exercises could not be too difficult, however, they also needed to be challenging so the students would learn. 
Extending the original framework helped me to understand how design patterns are used within a larger scale and within enterprise applications. This involves how each design pattern works together to handle user requests to then send back a response to the user. When extending the framework, I also learnt how the design patterns used help improve maintainability, help to reduce code duplication and increase flexibility of an application. Examples include the Command and Data Mapper patterns in particular. 
[bookmark: _Toc480568173]Writing the Report
In the beginning of the report, after proof-reading, I found that I was writing my report around the phrase “of which”. Altogether, halfway through the report, 72 occurrences of “of which” was found. However, this was not the only errors in my writing. I also found I was stretching my sentences and missing punctuation. To solve these issues, I read my current progress aloud to myself and had others to proof-read my work. From this experience, I learnt how to write to a higher standard towards more of an academic style. This also taught me that it is very hard to proof read your own work, therefore always get another person to read my writing, whether it is and email, report or documentation. 
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Table 19
Most highly favoured patterns.

Pattem Choice 1 Choice 2 Choice 3 Total
Observer (B) 28 17 14 59
Composite (5) 25 1 12 48
A Factory (C) 17 10 7 34
Singleton (C) 7 7 17 31
Visitor (B) 13 14 4 31

Facade (S) 9 14 7 30
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private function _ construct ()
i
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static function GetInstance ()
4
if (lisset(self
4

_instance))

self::$ instance = new self();

self::S instance-> request = new Request(
self::s
self::$_instance-> db = new SafePDO( 'mysql:host—localhost; dbname—bookingsystemexampla', 'root',

nstance->_response = new Response () ;

array());
1

return sel:

$_instance;
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$filePath = "commands\\{$command}Command.php";
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if (SreflectionClass->isSubclassOf (self::S baseCommand))
<
//if so create new Instance

else

(trigger error("Unable to load class: Sclass", E_USER WARNING));
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public function HandleRequest (Request Srequest)

¢
Scommand = ApplicationController: :GetCommand(Srequest) ;
Sresponse = $command->Execute ($request) ;
Sview = ApplicationController::GetView($response) ;
Sview->Renderview () ;
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static private function LoadViews ()
i
self::s views = array(

"HomeView" => new View("HomeView.html"),
"AddedGuest" => new View ("AddedGuest.html"),
"Error" => new View("Error.html"),
"Twig" => new View ("Twig.html"),
"Guests" => new View ("Guests.html"),
"TestResults" => new View("TestResults.html")
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static public function GetCollection(Stype = null)
i

if(is_null(Stype))

i

return CollectionFactory::GetCollection(get_called class()):

return CollectionFactory::GetCollection($type);
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static function GetCollection(Stype) {
Stype = preg replace('|~.*\\\|', "", Stype);

Scollection = "{$type}Collection";

if (class_exists($collection)) {
return new $collection();
} else {
throw new exception ("Unknown {Scollection}");
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function _ construct ()
i

if(lisset(self::S PpO))

¢
//Get connection from the Registry Instance
try
¢

self::$ PDO = Registry::GetInstance()->GetConnection();

self::s PDO->setAttribute (\PDO: :ATTR_ERRMODE, \PDO: : ERRMODE_EXCEPTION) ;
)
catch (\PDOException $error) {

echo "Unable to make Connection: {$error->getMessage()}";

Sthis-> selectFactory = new SelectFactory():
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protected function FindObject (IdentityObject Sobject)
i
if (! (Sobject instanceof BookingIdentityObject))
i
throw new \Exception("object must be instance of BookingIdentityObject class."

1
else

4

Sarray = $this->_selectFactory->NewSelectStatement (Sobject, "booking™);
Sstmt = Sarray['stmt'l;

Sstmt = self::S_PDO->prepare (Sstmt);

Svalues = Sarray['values'];

Sstmt->execute (Svalues) ;

$raw = $stmt->fetchAll(

return new BookingCollection(Sraw, Sthis);
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protected function DoCreateObject (array Sarray)
i

Sguest = new Guest(Sarrayl'guestId']);
Sguest->SetFirstname (Sarray['guestFirstname']);
Sguest->SetSurname (Sarray['guestSurname']
Sguest->SetHouseNo (Sarray['guestHouseNo'1) ;
Sguest->SetPostcode (Sarray['guestPostcode']) 7
Sguest->SetEmail (Sarray['guestEmail']);
Sguest->SetUsername (Sarray['guestUsername']) ;
Sguest->SetPassword (Sarray['guestPassword']) ;

$bookingTO = new BookingIdentityObject ();
SbookingTo->Field ("bookingGuest") ->Equal (Sarray['guestId']

SbookingMapper = new BookingMapper () ;
Sbookings = SbookingMapper->Find (SbookingTo) ;

Sguest->SetBookings (Sbookings) ;
return Sguest;
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public function GetCurrent ($no)
i
if($no >= $this-> total || $no < 0)
i
return null;

if (isset(Sthis—> objects[$nol))
4
return $this-> objects[$nol;

if (isset($this-> raw[$nol))

¢
Sthis-> objects[$no] = $this-> mapper->CreateObject (§this->_raw[$nol);
return Sthis-> objects[$nol;
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public function Add(DomainModel $object)

4

Sclass = $this->TargetClass();
if (! (Sobject instanceof $class))
i

throw new Exception("this is a {$class} collection")
3
Sthis-> objects[Sthis->_total] = Sobject;
Sthis->_total++;
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function TargetClass ()
i
return '\models\Booking';
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public function Field($field)

4

if(!$this->Void() && Sthis-> currentField->IsInComplete ())

4
throw new \Exception ("Incomplete Field");

//check to see if the field is already in the _fields array
if (isset($this-> fields([$field]))
¢
//validate the field
Sthis->ValidateField(Sfield);
Sthis-> currentField = Sthis->_ fields[$field];
)
else {
Sthis-> currentField = new Field($field);
Sthis->_fields[$field] = $this-> currentField;

return Sthis;
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public function Operator($symbol, $value)
i
if ($this->Void())
i
throw new \Exception("No field defined");

$this-> currentField->AddComparison ($symbol, S$value);
return Sthis;
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public function GroupBy(Sfield)

i
Sthis->ValidateField(Sfield);
Sthis-> groups[] = $field;
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public function AddFieldConstraint ($field)
4

Sthis->_tableFields[] = $field;
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public function NewSelectStatement (IdentityObject Sobject, $table)

i
//use the identity object to get constraints and glue them together using the implode function
$fields = implode (', ' , Sobject->GetConstraints());

//build the core of the statement
$stmtCore = "SELECT {$fields} FROM {$table}";

//if there are any joins within the identity object, attach these joins to the statement.
if (lempty (Sobject->GetJoins()))
i

foreach (Sobject->GetJoins() as $table => Srule)

i

$stmtCore .= " INNER JOIN {Stable} ON {Srule}";

list(Swhere, Svalues) = Sthis->BuildClause (Sobject);
return array("stmt" => $stmtCore." ".Swhere, "values"
// return array(SstmtCore.” ".Swhere, Svalues );

$values );
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Sarray = $this->SelectStatement ($id);
Sstmt = Sarray['stmt'l;

Sstmt = self::S_PDO->prepare (Sstmt);
$stmt->execute ($array['values']);
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$loader = new \Twig_Loader Filesystem('views');
Sthis-> twig = new \Twig_Environment (§loader);
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Sdata = $this->_response->GetResponse ("data")
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echo Sthis-> twig->render (Sthis-> path, array('data' =

$data));
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class GuestTest extends \PHPUnit Framework_TestCase
i
private $ guest;

public function setUp() {

Sthis-> guest = "guest";

public function tearDown(){}
public function testGuestModel() {

Sthis->assertEquals (Sthis-> guest, "guest");
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Run i GuestModelTest

- EEEE R 1 test passed — 70ms
¥ |7 @ Test Results "C:\Program Files (x86)\IIS Express\PHP\v5.6\php.exe" C:/wamp64/www/frameworkv0
v .lest'\GueslTesl 70ms .2/vendor/phpunit/phpunit/phpunit --no-configuration test\GuestTest C:\wamp64\www\frameworkv0
u @ testGuestModel 70ms|  -2\tests\GuestTest.php —-teamcity
= Testing started at 00:08 ...
= PHPUnit 5.6.0 by Sebastian Bergmann and contributors.
x

Time: 874 ms, Memory: 2.00MB

OK (1 test, 1 assertion)

Process finished with exit code 0

@ Platform and Plugin Updates.
PhpStorm s ready to update.
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Stester = new ClassTester():
Stester->Attach (new RequestTest ()
Stester->Attach (new UserModelTest ()|
Stester->Attach (new GuestModelTest () ;
Stester->Attach (new RoomModelTest ())
Stester->Attach (new BookingModelTest ()):
Stester->Attach (new GuestMapperTest () ;
Stester->Attach (new RoomMapperTest ());
Stester->Attach (new BookingMapperTest () ;

Sresults = Stester->RunTests();
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<!DOCTYPE html>

B 1ang-ren">

<head>
<meta charset="UTF-8">
<title>Title</title>

</head>

<body>

<hl>Test Results</hl>

<ol>
(% for result in data %}
<1i>{{result}}</1li>
{% endfor %}
</o1>

</body>
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Test Results

test\RequestTest Assertion test passed
test\ResponseTest Assertion test passed
test\UserModelTest Assertion test passed
test\UserModelTest Assertion test passed
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test\GuestModel Test Assertion test passed
test\GuestModel Test Assertion test passed
test\GuestModel Test Assertion test passed
test\GuestModel Test Assertion test passed
test\GuestModel Test Assertion test passed

. test\GuestModel Test Assertion test passed
. test\GuestModel Test Assertion test passed

. test\GuestModel Test Assertion test passed

. testRoomModelTest Assertion test passed

. testRoomModel Test Assertion test passed

. testiRoomModel Test Assertion test passed

. testiRoomModel Test Assertion test passed

. test\BookingModelTest Assertion test passed
. testBookingModelTest Assertion test passed
. test\BookingModel Test Assertion test passed
. test\BookingModelTest Assertion test passed
. test\BookingModelTest Assertion test passed
. test\GuestMapperTest Assertion test passed

. test\GuestMapperTest - IsTrue test passed

. test\GuestMapperTest IsArray test passed

. test\RoomMapperTest Assertion test passed

. testiRoomMapperTest - IsTrue test passed

. test\RoomMapperTest IsArray test passed

. test\BookingMapperTest Assertion test passed
. testBookingMapperTest - IsTrue test passed
. test\BookingMapperTest IsArray test passed
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<pre id="request-class" data-line="9, 12, 19, 23, 35">
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$(".hint-1ist") .hide () ;
$(".hint") .click (function () {

$(this) .next (".hint-list") .slideToggle () ;
o

$(".hint") .on('click', function(){
var datald = $(this).data('id');
var task name = §(this).data('name');

request = $.ajax ({

: 'addhint.php',

type: 'POST',

data: {data_id: dataTld,
task: task name},

ur

success: function (repsonse) {
alert (response) ;
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Relationship Between the Percentage of Hints Clicked Per Exercise Based on 3 Students
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Registry Design Pattern

Setup

The following files are needed for this exercise...

* Registry.php

« Requestphp

© Response php
Motivation

Although the MVC Pattern makes an application more flexible and easier to test, sometimes data or objects contained in one layer needs fo be accessed in another layer. The data could be passed from object to object through cach layer but this causes loose coupling.

‘The Registry Pattern is a single class that provides data to all objects within the application through static or instance methods.

UML Diagram

Registry

instance;
—DSN

+GetDSN () : PDO
+SetDSN(array)

Usage

The Registry Class can be used to retrieve the HTTP request and HTTP response in an application.

$registry = Registry: :GetInstance

$response = $registry->GetResponse

Implementation

As we have seen, when a user requests a web page or posts form data, A HTTP request is sent to the server which refurns a HTTP response. These are 2 objects that we will need to access through most layers within the application. The request and response classes are as follows:
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Hints
Hint 1 (Click To View)

 You will need to use the Registry Object to obain the Database connection (this should be done in the abstract mapper class)
Hint 2 (click to View)

Hint 3 (click to View)
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Usage

Below the code shows how the mapper class is used to add and fetch data.

$student = new Student();
$student->SetName("Bob') ;
$student->SetCourse("Web’);

$studentiapper = new StudentMapper();
$studentMapper->Insert($student);

Ve NV A WN R

$studentMapper->FindByTd($student->GetTd());
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Template View Design Pattern

Setup

For this task, you will need to install Twig from composer or you can get a copy of Dan

You will also need to use the View Class

Motivation

t can be very tempting to use conditional logic in HTML code but this can cause various problems for both the web developer and web designer. The MVC architecture pattern already addresses this issue by seperating the levels of concerns and the View represents the presentation of an application.

The Template view pattern uses a template file which is commonly implemented using a template engine to display dynamic content.

Usage

n this example we will use Twig (A template engine that was developed by Symfony)

Hello {{name}} tuig is working and you are [{age

Twig uses placed tags which are generated into values
Implementation

$loader = new \Twig_Loader_Filesystem( views'
$this->_tuig = new \Twig_Environment($loader

To use Twig, the Twig loader and Twig Environment both need to be instantiated. For our framework, these would be instantiated in the View class constructor.
To display the template the render() method is invoked on the Twig Enivronment object. There are 2 parameters that are passed into this method, the filepath of the template (view) and the array of data you wish to display.

Exercise

Invoke the render() method on the twig object in the view passing in the view path and array of data. Be careful as the data will be dynamic. Create 2 new HTML file to display the data passed by the render() method. To test this works, create 2 new command and use a concrete mapper class to fetrieve information from the
database and then set the view in the response to display it.

Hints
Hint 1 (Click To View)

Hint 2 (click to View)
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