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[bookmark: _Toc321935733]Abstract 

Each year the department of computer science assigns 2nd year students a group project which gives students an understanding of a professional approach to system development.  Groups are required to deal with the challenges of teamwork, planning and completing the project within a set time scale based on identifying and meeting defined requirements.  One of the key problems all students will face is the challenges group collaboration, in particular communicating and producing work across a distributed team.  This can be more challenging than for example a group of developers working in an office environment, as students will have other commitments, different timetables of study and other university assignments.
This project attempts to identify the problems encountered and propose a system to help students manage their 2nd year project.  
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1. [bookmark: _Toc321935735] Introduction

2. [bookmark: _Toc321935736] Background and follow up to Interim Report

The interim report covered the project introduction, analysis of the problem situation, background study and research and described the planned approach to address the problem.  I also derived an initial requirements specification and determined my approach to develop a web-based system focussed upon group collaboration and project management. 
In response to Miss H.R. Phillips and Professor N.J. Avis’ comments on my interim report I spent considerable time analysing their feedback and arranged meetings to discuss how the project should progress.  
When I met with Professor N.J. Avis we initially discussed how the CM2301/CM2304 module has changed from the CM240 module, and how I should endeavour to incorporate these new challenges into the proposed system.  To summarise the additional functionality that I will be adding based on the outcome is as follows:- including the client and supervisor in the system; online submission of deliverables; authenticating users through their Cardiff username and password; and providing an administrator account for the module leader to deal with group grievances and non-performing team members.  Furthermore, I plan to perform some user acceptance testing with 2nd year students to discover if the system is useful in a real project situation.  For the full notes from the meeting, see Appendix A.
When I met with Miss H.R. Phillips for my interim report follow up meeting we discussed how the requirements needed to be revised based on feedback and response and the overall development of the project.  As a result a more comprehensive and detailed set of requirements were produced.  Miss Phillips discussed the design and we agreed that it was necessary to formulate a more specific and clearer design before progressing to the implementation phase. Consequently I will now be including UML Use Case Diagrams to help describe the functionality of a system in a horizontal way and UML Sequence Diagrams where appropriate to help show the interactions between objects in the sequential order how specific interactions occur.

It was further agreed that I would include a relevant literature review.  This will help gain a further understanding of the background, in particular ideas surrounding how ICT can be used to assist collaboration, social constructivism, computer-supported collaborative learning and collaborative virtual environments.  I will also investigate barriers to team building and project success factors.  



2.1 [bookmark: _Toc321935737]Literature Review

Constructivism has become the most widely accepted model of learning in education today.  Constructivism has its roots in psychology and philosophy and is based on the theory of learning by doing, by making tentative interpretation of experiences and linking new knowledge to existing knowledge, and going on to develop and test those interpretations (Perkins 1991).  Social constructivism, strongly influenced by Vygotsky's work (Liu and Matthews 2005) suggests that at the outset, knowledge is constructed in a social context and is then appropriated by individuals.  Scholars believe that learning is an active, social process as opposed to the traditional view of learning, they think that sharing individual experiences and views known as collaborative elaboration, can help aid improved understanding that would not be possible as an individual (Sweet and Michaelsen 2007).  
The second year group project is directly related to the principles of social constructivism.  It aims to give students an understanding of a professional approach to systems development which not only challenges their systems design and development skills but also tests the students ability to work in  a large group with the objective to design and develop the optimum solution for the specific problem by working collaboratively as a team.  It gives the opportunity for students to learn from others and is directly related to the principles of social constructivism, and in particular the concept developed by Vygotsky called ‘zone of proximal development’ which discusses the gap between the limitations of what an individual can perform on their own, and what they can do with facilitation from peers or experts (Vygotsky 1978), in the case of the project it would include contribution and collaboration from fellow students, the client and supervisor.
In the last decade rapid technological advancements, particularly the developments in mainstream information and communication technologies that have been widely adopted by individuals are changing the way learning and interaction can take place.  Intra-group communication is not limited to face to face contact or telecommunications and since ‘80% of organisations with 100 or more employees use teams in some way’ (Guzzo and Dickson 1996, p329) the challenge of teamwork in the second year group project is very important for employability prospects.  Although virtual interaction through sophistaced ICT applications and infrastructures has help increase the efficiency, scope and automation of organisations for decades, collaboration technology differs as it is a special type of ICT application aimed at supporting co-operative work (Andriessen 2003 p5).  Andreiessen (2003 p10) describes Collaboration technology as “those ICT applications that support communication, co-ordination, co-operation, learning and/or social encounters through facilities such as information exchanges, shared repositories, discussion forums and messaging.”  Computer-supported collaborative learning (CSCL) can help to bridge the gap between informal and formal learning to attempt to create a more holistic learning experience (Carroll et al. 2008).   
More recently the widespread emergence of social media has changed the way tools such as discussion forums, wikis and blogs are seen.  Students now welcome such tools as they have discovered they are useful in helping them learn (Conole et al.2008).  CSCL environments such as Collaborative Virtual Environments (CVEs) or simply discussion forums can lead to work becoming directed by the group rather than taking place on an individual level, and consequently can help group members build relationships and assist the sharing of thoughts and ideas (Carroll et al. 2011 p8).  Discussion forums can provide students to informally ask questions and exchange points of view and also to make immediate connections, whilst being able to critically review and response to others participation.  In this sense it is quite different to traditional learning.  Students may discover the strengths that collaboration can bring to project to potentially make the outcome more diverse, interesting and comprehensive than originally anticipated.  
However despite the fact that CSCL environments can facilitate improved group dynamics, interpersonal and intergroup problems can still exist.  Some students may be resistant to learn from others as they may be sceptical of their knowledge or skills (Carroll et al. 2011 p10) and it is not uncommon for groups to be unwilling to work ‘wholly’ as a group but to rather contribute to the group on an individual basis.  Although a group member may bring useful functional skills to a group, each team member will have a different way of interacting with group members and will approach tasks in different ways (Senior 1997 p242).  Belbin developed the team role concept; this is the concept that a team member will naturally take up one or more team roles.  For example a person might be good at stepping back and seeing the big picture and would take the role as a ‘coordinator’ but someone else may naturally be creative, imaginative and good at developing ideas and would take the role as a ‘plant’.  This creates a conflict of interest between group members, but Belbin claimed that if each one of the nine team roles he identified was represented in a team the team would be more successful; with absent team roles the team would be lower performing (Belbin 1981).  Teams must also inevitably go through development stages in order to work successfully and deliver optimum results.  Bruce Tuckman developed the theory “Tuckman theory” based on team dynamics research.  He developed four stages of group development: Forming (pretending to get along with others), Storming (dropping the politeness barrier and attempting to work regardless of issues occurring), Norming (getting used to team members and developing trust & productivity, Performing (working in a cooperative manner at a highly efficient goal to achieve the common goal) (Tuckman 1965).  Groups need to embrace and tackle all the challenges represented by each phase if they seek to deliver the optimum results, but if conflicts and distrust between members exist a team may not pass the storming stage.
Students also face additional challenges of working within a group in an academic environment.  Although the group project is compulsory and students must pass the module to progress to year 3, students will contribute different amounts of effort to the project based on what academic results they desire to achieve based on their personal commitments.  This could cause further conflicts in the group as individuals could get frustrated in regards to the amount of effort group members may be contributing and the potential loss of marks in the academic result of the module.  However Slavin (1978) claims potential positive effects of academic teamwork from improved students academic performance and motivation due to the team reward on mutual concern.  
































3. [bookmark: _Toc321935738] Specification & Design 

3.1 [bookmark: _Toc321935739]Revised Requirements

[bookmark: _Toc311814791][bookmark: _Toc321935740]3.1.1 Functional Requirements

1. The system must provide a web-based system.
	1.1The system shall authenticate users through their Cardiff University standard 	   	       username and password.

2. The system shall provide interaction, between group members.
2.1 The system must allow users to post a discussion.
2.2 The system shall allow exchange of information between members.
2.3 The system must allow interaction that can be visible to the whole group.

3. The system shall provide interaction, between the group and the client and supervisor.

	3.1 The group shall be able to engage in discussion with the client/supervisor.
	3.2 The group should be able to share documents with the client/supervisor.
	3.3 The client/supervisor will be able to their own area on the system
		3.3.1  The client/supervisor will be able to 
	3.4 The group, client and supervisor must have different access rights. 

4. The system shall facilitate the group to be kept up to date with relevant and real time information about the activities of the other members
4.1 The system shall provide group members with current information about group meetings.
4.1.1 The system could provide a calendar with daily/weekly/monthly overview
4.1.2 The system could provide group members with the location of meetings and date and time and information in regards to minutes of meetings
4.1.3 The system could provide the ability to export calendar events to calendar applications.
4.1.4 The system could provide the ability to repeat events 
	4.2 The system could provide group members with information in regards to upcoming 		       meetings/events

5. The system must provide external notifications to changes of activity of group members
5.1 The system shall provide email notifications of changes to group discussion 
5.2 The system shall provide Facebook notifications of changes to group discussion
5.2.1 The system could provide synchronised comments between Facebook and the system.  E.g. comments on Facebook will automatically be posted onto the system and vice versa.  
5.3 The system could provide notifications of approaching deadlines of deliverables
5.4 The system could provide notifications of changes to file sharing
5.5 The system may provide an RSS feed of activity

6. The system shall provide a file sharing facility with version control and the ability to ‘check in’ and ‘check out’ a file from the system.
6.1 The system could allow group members to ‘check out’ a file when they are using it.
6.1.1 The system should prevent other users from accessing a file when it has been ‘checked out’, preventing duplication of group efforts.
6.2 The system could provide ‘ping’ facility which will ping the server every minute to let it know that you have the file open. If for some reason you lose connectivity, the server will give you roughly a two minute grace period before it lifts the file lock, which allows access to other group members.
6.3 The system could provide a facility to define to current workflow state of a file e.g. draft, final.  
6.4 The system could provide a version control revision log e.g. modified by, date and summary of changes.
6.4.1 The system could provide the ability to restore a file to a previous state.
6.5 The system could provide a full audit trail of activities on the file e.g. check in and check outs.
6.6 The system could provide notifications when the status of a file is updated.

7. The system should provide an online submission facility.
7.1 Users should be able to submit document deliverables online (PDF format only)
7.2 A MD5 checksum might be generated to help users verify the integrity of the file.
7.3 Client/Supervisor should be able to access the submitted file/s.
7.4 A results and feedback area might be implemented. 

8. The system shall provide the ability to create tasks, 
8..1. The system should be able to allocate group members to tasks.
8..2. The system should be able to create deadlines for tasks.  
8..3. The system should be able to mark progress of tasks.
8..4. The system should be able to mark task priority e.g. important, low
8..5. The system could provide group members with information in regards to upcoming tasks

9. The system shall provide the ability to define and management requirements.
9.1 The system shall provide one format that all the group will use for defining requirements
9.2 The system could provide ability for group members to review and accept/decline requirements before they are final.
9.3 The system could provide the ability to link requirements with tasks and deliverables 
9.4 The system must cope with changing requirements

10. The system will provide the function for users to define available working times around lectures etc.
10.1 The system shall natively show university vacation/examination periods.
10.2 The system could provide ability to add deadlines from coursework timetables.
10.3 The system could provide the ability to repeat lectures. 


11. The system must be accessible on and off campus
11.1 The system shall be hosted on the School of Computer Science project web server
11.2 The system shall be accessible within the schools intranet
11.3 The system shall be accessible on any computer on the Internet using an authorised secure connection, using https protocols which has been logged in with a School user name and password
11.4 The system must be secure

12. The system could provide the module leader with administrator access to the group to assist with group grievances and non-performing team members.  

[bookmark: _Toc311814792][bookmark: _Toc321935741]3.1.2 Non-functional requirements

· The system shall implement a simple user interface
· The system must use a familiar web-based style GUI
· The system should make use of icons
· The system should well designed visual aesthetics  
· The system must not be too cluttered with unnecessary functionality
· The system should make use of layman’s terms instead of technical language
· The system should provide useful and relevant content
· The system should implement clear and concise error messages 
· The system could adhere to ISO 9241 standard, covering ergonomics and human computer interaction.


· The system must provide a consistent interface
· The system must use a consistent design and layout
· The system should make users select from a list of pre-selected typefaces and fonts for all activities
· The system will provide templates for weekly reports

· The system must be reliable
· The system must work on Microsoft Windows 7/Vista/XP
· The system must work on Mac OS X 10.6/10.5
· The system must support Microsoft Office 2010/2007/2003
· The system must support Microsoft Office for Mac 2008/2011
· The system could support OpenOffice 3.3.0 for Linux
· The system could support iOS 4/5 and Android 4
· The system must handle PDF, secure PDF, JPEG, PNG, RAW, GIF, BMP, PSD, MP3, 

· The system must be accessible
· The system must make use of a suitable colours and font use to ensure people with visual impairments have the same experience.
· The system could follow Cardiff University’s web accessibility principles.

· The system must be recoverable
· The system must backup group and user data locally 
· The system should provide restored functionality with 24hours of failure


3.2 [bookmark: _Toc321935742]UML Design

The design of the system is based on the requirements defined in Section 3.1.   Based on the requirements I have produced a number of use case and sequence diagrams, which has been key to the design and implementation process.   




3.2.1 [bookmark: _Toc321935743]Use Case Diagrams

3.2.1.1 Use Case Diagram – Login






3.2.1.2 Use Case Diagram – Group Discussion, Files
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3.2.1.3 Use Case Diagram – Requirements, Tasks & Events

3.2.1.4 Use Case Diagram – Submit Deliverables & Results




3.2.2 [bookmark: _Toc321935744]Sequence Diagrams

3.2.2.1 Sequence Diagram – Login



3.2.2.2 Sequence Diagram - Group Discussion, Files

















4. [bookmark: _Toc321935745]Implementation

Based on the requirements specification and the system design I have developed an prototype web-based system to attempt to meet the needs of the problem situation.
Some of the code examples used are shown here (see section AAA)
[bookmark: _Toc321935746]4.2   Implementation Coding Process

Based on the complexity of the requirements (see section AAA) and the need for the system to be web-based and accessible by many users that could be running different platforms, I will not be implementing the system in an object-oriented language.  Therefore using PHP & MySQL gives enormous benefits, not only are they free and open source, making the system free from commercial dependencies, but also they provide excellent interoperability between multiple operating systems.  However the proposed system required further functionality such as a user management system, file management system and a discussion board.  Therefore I decided base the system around Wordpress.  Wordpress is an open source content management system (CMS) better known as a blogging tool, and is based around PHP and MySQL, making it a very powerful system that is highly customizable both the core level for customisation of the CMS, and at for the user level for providing end user functionality, as it features a rich plugin architecture (that can use for example JavaScript & AJAX) that can provide extra functionality and template system that can be powerfully configured to create or adapt themes to style a website.
I have adapted Wordpress into a highly customized system that is fit for purpose.  I have used 13 of the free plugins and a theme for the design and some of the functionality, provided under the GNU licence.  Most of the plugins I added with PHP or HTML to make them fit my needs and remove unwanted functionality or add required functionality.  


5. [bookmark: _Toc321935747]Testing

I have divided the testing process in two approaches, white-box and black-box testing.
5.1 [bookmark: _Toc321935748]Black-box testing

[bookmark: _GoBack]The purpose of the black-box testing is to test the functionality of the system.    		
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[bookmark: _Toc321935750]Appendix A

Notes from meeting with Project Moderator: Professor N.J. Avis – 10/02/2012
When I met with Professor N.J. Avis we initially discussed how the CM2301/CM2304 module has changed from the CM240 module (which I studied in my second year), and how I should endeavour to incorporate these new challenges into the proposed system.  
· We discussed how the students are not only required to produce requirement and systems design but how they have got to implement a prototype using agile development and test the system with a number of different deliverables.
· The system could be something similar to PATS2, used to manage the final year projects but with more advanced features.
· Would like to include the client and supervisor interaction with the system, meaning multi level accounts.
· We discussed human factors of the project, and if they could be addressed in my project, in particular:
· Student’s uncertainty of the tasks and when tasks are due to be delivered and to what standard.
· Certain students not doing their share of the work and other difficulties that exist in group work.
· Certain group members trying to dominate the group with their ideas or take excessive workload. 
· Groups planning low levels of ambition for requirements, knowing that they will be easily able to meet the targets.
· The dilemma of how different supervisors/clients will mark work in at different levels, e.g. some markers may be tough – others could be lenient, and the moderation process that exists.  
· The change control process.  At the moment if a group of students discover difficulties in meeting some requirements, they can just change the requirements and explain the problems.  Prof Avis said a more stringent change control process could be beneficial e.g. if students change their requirements they must request electronic approval from their client/supervisor.  This would reflect how commercial projects would operate. 
· We discussed the future possibility of students possibility be allowed to select/bid on projects from small range of projects to reflect their interests and the chance for students to select their group using the system.
· I suggested the idea of all submitting al deliverables electronically using the system and Prof Avis agreed it would be the way forward for these projects.  
· Finally we discussed user acceptance testing.  Getting a group to test the system to see how it would perform and be beneficial in a real project situation.  


6. [bookmark: _Toc321935751]Implementation 
7. [bookmark: _Toc321935752]Testing
7.1 [bookmark: _Toc321935753]White-Box Testing





7.2 [bookmark: _Toc321935754]Black-Box Testing  

8. [bookmark: _Toc321935755]
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