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Summary

The project chosen was to develop an application which would allow for the teaching and revision of 3D Coordinates Problems, this would require the ability to interact with the diagrams thus generated in order to enable either the teacher to demonstrate the problem or the student to investigate the problem. The facility to answer the question thus generated was also necessary along with a method for producing feedback as to the correctness of the question.
The problem therefore was to be able to generate a suitable random question with corresponding diagram, and to be able to interact with it. In order to do this it was necessary to choose a language and libraries which would facilitate the creation of a Graphical User Interface complete with a 3D component to display and interact with. As such the C++ language was chosen along with the Qt library which contains widgets to create a user interface, routines to connect them up and an OpenGL based widget which would allow for the 3D aspect of the application. 

All of these original aspects of the project have been completed, the application generates random questions about 3D Coordinates complete with a 3D diagram, it is possible to interact with this diagram, and to answer the question which has been generated. In addition the product allows the user to answer and interact with 3D Pythagoras’ Theorem questions in a similar fashion, it also allows the user to select to work through random questions (ie a mixture of 3D Coordinates and 3D Pythagoras’ Theorem ones) the same way. Finally it is possible to generate worksheets (in PDF form) containing 5 questions (diagrams and text) for either 3D Coordinates problems, 3D Pythagoras’ Theorem problems or a mixture of the two. Other than some aspects of the interface which need to be improved the final product is fully functional and complete, although as detailed in this report it should be quite easy to extend it further.
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Introduction
The project which I chose as my final year project was entitled “Wire Frame Tester for teaching 3-d co-ordinates”, the brief was to produce a piece of software to support the teaching of 3D Coordinates, and to enable students to test their understanding of this topic. As such the end product of the project was to be an application which could be used for both purposes, which created 3D Coordinates problems, allowed for the investigation of the problems (by being able to interact with 3D objects) and allowed for instant feedback as to whether an answer is correct.

This report details the stages the project has progressed through, it details the initial choices of Programming Language and suitable libraries to allow for the development of the application. It discusses some of the tools which were considered and used in the project (or discarded as not suitable). The report also details some of the problems which were encountered, some of the solutions which were the result of these problems, and also some of the problems which still exist or have become apparent during the course of the project. Then the report details some aspects of the quality of the final product and some of the good points about the solution. Finally we look at some of the lessons learned during the course of the project and some of the discoveries made which have enabled the smooth running of the project.

End Product Development

Approach

When it came time to select a methodology for designing and implementing the final product of the project, the vast majority of standard methodologies seemed to be overkill for a single person project, so things like the Waterfall method and the Unified Process with their reams of documentation were immediately discarded as being too ‘verbose’ in their approach. Instead the decision was taken to start the project with a broad outline of what the architecture of the final design would look like (ie what classes would exist) without immediately deciding what all of their methods would be. Then the application was implemented incrementally with each new piece of functionality being added and tested as development progressed, until the functionality described in the Terms of Reference was broadly achieved. 

In actual day to day terms once the final language and library choices (C++, Open GL and Qt4) had been made as part of the Interim Research Report (c.f. the “Solution Chosen” section later in this document), then the prototype developed whilst researching the libraries served as a starting point. From there further research was undertaken into how to add Menus and Toolbars to achieve the desired functionality. The final pieces of research revolved around how to implement the dynamic parts of the Graphical User Interface (i.e. the section where users provide their answers) and how to connect them in to the rest of the application. This proved easier to do than expected due to the wealth of information concerning the Qt libraries available whether as part of formal books, the Qt help documentation, on-line examples provided as parts of answers to queries in programming forums or in the #qt channel of Freenode on IRC (Internet Relay Chat). 

Once a working version of the basic application was achieved, with the ability to generate and display random questions regarding 3D coordinate problems and to display and interact with the corresponding diagrams, then it became time to refactor the application to make it more extensible. At this point the application consisted of two main parts the general interface and the part which generated the questions and was responsible for displaying them. The question section of the application was then divided up into a general section which handled common things such as navigation around the 3D window, and a more specialised section which dealt with generating 3D coordinates, questions, displaying them, creating the corresponding answer section and checking whether a correct answer had been supplied. This more specialised class in object oriented terms was a descendent of the general class, and it was this that was reimplemented when the 3D Pythagoras’ Theorem questions were added to the application. This design means that it is simply a matter of reimplementing the subclass in order to generate a different type of question. 

Throughout the course of the project at various points the current progress of the application has been demonstrated to a number of Mathematics Teachers who have provided useful feedback in terms of suggestions for improvements to the user interface and what other desirable functions might be included. A very early version of this application was also used with a class of Year 9 pupils who provided some informal feedback as to where initial improvements could be made.

Solution Chosen

The initial choices as to language and libraries to use for the project were made as part of the Interim Research Report and are more fully detailed there a copy is available from my website (Ames, 2009). The choice was achieved by looking at a variety of potential solutions in light of the Terms of Reference and evaluating them to discover the likeliest candidates, these consisted of C++ using the Qt libraries (which include an OpenGL widget) and C#.net (2005 edition) using the Tao.OpenGL library. These two potential solutions were then used to build similar versions of the User Interface for the application (ie the navigation components) which were used to interact with a simple OpenGL object (a multi-coloured cube) displayed in the relevant OpenGL widget. Both solutions proved relatively straightforward to implement (once a specific problem had been overcome c.f. the “Problems Encountered” section of this document) and took comparable amounts of time. During the evaluation of each of these solutions however a major difference surfaced, the original choice of C#.net and the Tao.OpenGL library was down to the availability of a cross platform version of C# in the shape of Mono (an Open Source implementation of C#) of which the Tao libraries are a part, the Tao.OpenGL library however is not cross platform and only works on Microsoft Windows, thereby rendering it unsuitable for the final choice.

After this initial research phase and once development had commenced on the final application proper, some other possible solutions presented themselves. There are C++ bindings to the GTK libraries which include access to an OpenGL widget and the usual GUI objects which would be necessary in order to interact with it although how easy this might have proven to be to implement is unknown. The Python programming language would appear to have also been a possibility with bindings for Qt, GTK and SDL all of which would have allowed for the creation of an OpenGL widget and the controls necessary to interact with it. Python is a language well suited to Rapid Application Development which might have offset the fact that using it would have required the learning of a new language. These alternative solutions may be something that needs looking into once the project is completed as a means of continuing to develop the Wire Frame Tester Application.

Resources and Facilities Used

Originally it was envisaged that during development the project would make use of a unit testing library, a Version Control System and some form of Continuous Integration package, although these were not all necessary for a project involving only one developer. As the initial stages of development got under way it quickly became clear that the Continuous Integration Solution (JetBrains, 2008) was definitely a stage which was not required as at any point the application either worked or did not and the addition of this stage was not necessary. Setting up the Continuous Integration Server itself however could prove to be something required on more complicated projects in the future. An integral part of a Continuous Integration solution is a unit testing solution and this too proved to be something of a headache in terms of the project, this time however the problem stemmed from a lack of decent documentation with regards to cppUnit (CppUnit, 2008) which is probably one of the more mature solutions available. The major problem with the documentation was a lack of clarity in terms of how to integrate the testing regime with a GUI based program which relied upon a separate set of libraries in order to generate the GUI components. After approximately two weeks of frustration trying and failing to get the various components to integrate properly it was decided to shelve the use of Unit Testing and to fall back on the use of standard white-box and black-box testing of the various components as they were developed. Finally use of a Version Control System (Tigris.org, 2009) has been essential for the successful completion of the project. The ability to “check out” a copy of the project, make changes to it in an attempt to add a feature unsuccessfully, and then revert to a previous working copy has made the development process much simpler and allowed for experimentation in terms of the development of some areas of the application. The fact that Subversion is cross platform, network aware and has a variety of graphical front-ends available has also made it an invaluable tool for checking out copies of the project for use on both Windows and Linux machines.

Once these supporting tools were decided upon then the main Integrated Development Environment for the project had to be decided upon. For reasons which are described later Visual Studio was not an option here so this ended up being KDevelop (KDevelop, 2008) which runs only on Linux, due to its close integration with both Qt (clicking on the .ui file in the project automatically opens the Qt Designer tool), and the build system as well as the various tools available which make working with programming projects easier to do. It could also be integrated with Subversion although this aspect was not utilised for this project. In November Qt released first an Alpha version and then a Beta version of a new cross platform, lightweight, Integrated Development Environment specifically designed for use in C++ projects using Qt called Qt Creator. So the final stages of the project have been completed using this new tool which includes automatic code completion, integration with Qt’s help files and built in debugging facilities. The Linux version of this IDE works seamlessly but there are still some issues with Windows version which have meant that it is not completely usable as yet. Both KDevelop and Qt Creator (Nokia Corporation, 2008a) include integration with Qt Designer which is the “What You See Is What You Get” interface designer for Qt, which is what was used to develop the look of the Graphical User Interface, although some parts of the application are actual deployed programmatically rather than based upon the output from Qt Designer. A further aspect of Qt is the comprehensive documentation which is available both on-line (Nokia Corporation, 2008c) and through the Qt Assistant a dedicated help viewer solely for this Qt documentation. 

A number of other sources have also proved invaluable during the course of the project, firstly the information from the various Qt specific books detailed in the Bibliography whether for general Qt related information or the solutions to specific problems, in conjunction with the aforementioned help documents these have provided most of the background to the design of the application. When problems have arisen most of the solutions which haven’t come from the books or documentation have come as the results of searches on the Internet. These either lead to archives of the Trolltech mailing lists (Nokia Corporation, 2008b) or to some of the on-line communities associated with Qt (QtForum, 2009)(QtCentre, 2009).  Finally another source of help has been the #qt channel of Freenode on IRC, where the various users have been very helpful in answering what may have appeared quite naïve questions.

Problems Encountered and Solved

As the project has progressed a number of problems have emerged which have either resulted in solutions or have had to be worked around. Initially the plan was to develop the application on the Windows platform with Qt, but using Microsoft’s Visual Studio 2005 into which it is possible to integrate Qt. This would have been a useful solution as Visual Studio features many time saving features which would greatly have enhanced productivity during the progress of this project. Unfortunately both the 2003 and 2005 versions of Visual Studio use a C++ compiler which produces executable files which are not easily portable from one machine to another. Whereas ideally the Wire Frame Tester application was to be distributed with a few supporting library files, using the Microsoft compiler meant that this was not possible, and in fact required a non-trivial installation of extra files if the executable file was to run successfully. This was not apparent from the general sources available on the Microsoft website, and took quite a lot of on-line research before this was discovered. Unfortunately the version of Qt which was in use on the machine being used to develop the application for windows was also compiled using the Microsoft compiler and therefore could only be used to create applications to be compiled with this compiler. Following some further research it became apparent that an alternative compiler was required, the solution suggested by Trolltech was to use the MinGW (MinGW, 2009) compiler which is itself a port of the GCC compiler generally used on Linux. Recompiling the Qt libraries and then the application resulted in an executable file which with the inclusion of various library files (including a MinGW one) could be run on any of the targeted Windows platforms.

A related problem revolved around the integration of icons into the final application, on the development machines this worked flawlessly, the icons being compiled into the final executable file, but when tested on other machines (using exactly the same file which worked on the development machine) no icons displayed. Some investigation on-line resulted in a solution, the problem arises because the JPEG image format is not built into Qt and has to be added (on Windows at least) as separate library files. These library files cannot be in the same directory as the other library files but have to reside in a subdirectory with the specific name “imageformats”.  The alternative solution would be to change all of the icon files so that they were in PNG format, which is a built in format of Qt and therefore does not require any extra library files in order for the images to display.

Possibly the most significant problem which was encountered during the project, occurred very early on, whilst the Interim Research was still being conducted, the initial version of the Statement of Requirements specified that the 3D navigation would occur by use of a number of buttons in the navigation section of the Graphical User Interface. Eight buttons would be arranged around a square to give North, North-East, East, South-East, South, South-West, West and North-West directions. Clicking on one of these buttons would result in the apparent position of the viewer being moved a specific number of degrees of arc in the relevant direction whilst the direction of view would remain pointing at the origin. This seemed like a reasonable control system initially but when it became time for this to be implemented the difficulty of this method became apparent, the original idea suggested that by specifying the direction and the distance from the origin it should be quite straightforward to resolve the spherical geometry and three dimensional trigonometry problems to generate a standard movement in terms of the Cartesian coordinate system so that a new position and direction of view would result. This problem however proved intractable (despite holding a degree in pure mathematics), searches for similar movement systems on the Internet also resulted in no results. At this point it was decided that an alternative system was required, looking through the Qt Documentation provided an example system which involves clicking and dragging on the OpenGL widget in order to rotate the viewpoint, and this was immediately implemented with a few very minor modifications and is still the navigation system in use by the application now. 

When researching the types of question found in GCSE Mathematics Exams with regards to 3D Coordinates it was apparent that all of the diagrams are rendered using orthographic projections (i.e. parallel edges are rendered parallel). Unfortunately when this method of projection was used initially it resulted in diagrams which although slightly clearer when rendered statically as images, became unclear and distinctly unintuitive when the user came to manipulate them. The results were very unappealing and did not help with understanding the layout of the three dimensional objects being displayed. Therefore a perspective view was implemented instead, which although less clear in terms of static diagrams (this is particularly apparent on worksheets generated for 3D Coordinates questions) is much more intuitive when it comes to the manipulation of the resulting three dimensional object. At a later date this may be looked at again, and a method whereby the worksheet’s objects are generated using orthographic projection and the application’s objects using perspective. Currently this is not the case however and the perspective view is the least bad solution which is usable in both situations, and since the main purpose of the application is to allow interaction with three dimensional objects this solution has been chosen.

A related problem is that of the display itself, a trade off has had to be established between the size of the labels on the axes of the 3D coordinate questions and how obvious it is which point these labels refer to. Unfortunately the current solution whilst being an improvement over initial efforts is still less than optimal. In addition when the resolution of the monitor which is being used to display the application is below some particular size (possibly 1024x768 pixels) the display starts to look cluttered. Which makes it less than obvious sometimes which part of the object is labelled, unfortunately changing the size of the labels to make it appear less cluttered means that the display is less readable from a distance, the current settings constitute as already stated a trade off between the two. At a later date reimplementing the display with some sort of scalable means of ensuring the labels do not interfere may be the order of the day but currently this is not the case.

One other major problem that occurred during the implementation of the application revolves around how the different types of question are implemented. Originally the design called for the use of a plugin system whereby each different type of question would be implemented as a class which could be compiled as a separate library, with the resulting file placed in a “plugins” directory and detected by the application when it was run. Qt has a facility for creating plugins for an application and then detecting them at runtime, but despite following the instructions for this the plugins would not work as advertised. The problem seemed to revolve around multiple inheritance since each question class was inheriting part of its implementation from a parent class which dealt with all of the 3D navigation, another part from the Qt OpenGL widget class and finally for the plugin to work it also needed to inherit from an interface to the plugin (generated by a special Qt Macro) these inheritances either did not have the required methods available in the correct scope or resulted in ambiguities which could not be resolved by the compiler or linker. Hence after a number of days of a frustrating lack of progress, it was decided to stop trying to implement this plugin mechanism, to revert to a previous working version of the application and to implement the question classes in a straightforward non-dynamic way, and to “hard-wire” them into the application at compile time not run time. This was the main point at which the use of Subversion as a version control system prevented a lot of unnecessary extra work. Therefore any new question classes instead of being compiled to libraries and discovered at run time have to be added by hand to the MainWindow class, and to the menus which deal with them.

Problems Encountered but not Resolved

During the course of the project a number of problems have become apparent which have not been resolved fully or in some cases at all. One of the earliest problems concerns the display of the three dimensional object, on most computers the object displays as expected:
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In contrast however, on one laptop the image displays incorrectly:
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The problem is that each surface contains an extra line (a diagonal), this occurs using the same executable file transferred from one machine to another, on the first machine the display is as expected on the second it contains the extra lines. This occurs on a machine which uses an ATI Radeon Xpress 1100 built in graphics card, a graphics card which is widely slated for performance issues. On some occasions the improper display of the three dimensional object does not occur, there is no apparent rhyme or reason to when the object will display correctly and when not. Research on the internet has yielded no reports of similar problems, it would appear that either to improve the quality of the three dimensional surface being displayed or to conserve resources being displayed the graphics card is seeking to “triangulate” (in the topological sense) each surface whether this is an intentional thing or whether it constitutes a bug in the implementation of the graphics card is unknown.

When implementing the method which allows worksheets to be exported another bug appeared, the initial implementation went very much according to plan with little or no difficulty in generating the worksheets as required. At a later point when continuing with the implementation suddenly the code which had previously worked had ceased to work, in the meantime the computer upon which the work had been done, had been upgraded with a second monitor. On Windows this caused no problems, but on Linux instead of displaying images in the worksheets only a black rectangle appeared, after a number of steps trying to identify the problem it was narrowed down to the OpenGL widget's RenderPixmap method. With further investigation it was established that the same code would function acceptably on the same Linux machine when the second screen was disabled whereas with the second monitor enabled the same executable ceased to function. The problem either appears to lie with the implementation of the Qt Library itself or with the “Xinerama” extension to Linux which is what enables dual monitors to function on Linux. As such a bug report has been submitted to Trolltech the implementers of Qt although this has yet to be acted upon by them (Nokia Corporation, 2008d). 

Other more minor problems still exist such as the location of the help web page (a html file), which it should be possible to place in a subdirectory away from the executable but which does not function as it should (the file is not found) as a result the help file has to be placed in the same directory as the executable (this is probably due issues with the way different platforms deal with pathnames to files) but is still unresolved. This is a minor bug which with more time could be resolved but will have to remain for the time being.

How Well Does The Product Meet the Objectives?

This section directly references the objectives set in the Terms of Reference established at the start of the project a copy of these can be found in the Appendices.

1. Investigate suitable tools to support the project management of a complex application. In other words investigate project management packages, version control software, unit testing libraries (dependent upon choice of language), continuous integration solutions and any other suitable packages.

During the early stages of the project, prior to the actual implementation of the application, much use was made of an on-line project management tool called dotProject (dotProject, 2008) was used to help plan each stage of the project and manage associated documentation and files. This was a great help initially and served to get the project to the stage where work on the application could commence. During the latter stages of the project this has not been used. In this stage of production the use of a full blown Version Control System has proved much more use, enabling mistakes to be “rolled back” and blind alleys to be avoided. The other tools such as a Continuous Integration solution and Unit Testing libraries proved less than helpful, the overhead in terms of integrating both of these into the final solution proved to be greater than the benefit which would have accrued from them. Therefore this stage has been only partially successful in terms of benefits to the project directly.

2. Draw up a detailed specification of requirements for the application.

This was necessary in terms of implementing the final product and can be found in the Appendices, it was also submitted as part of the Interim Research Report. This has been fundamental to the successful completion of this project and therefore has been fully implemented.

3. Investigate suitable 3D libraries available, the original project proposal suggested using OpenGL, but there may be other 3D libraries with similar capabilities. The library should be available on Windows, Mac and X11 platforms, it should be free (at least for non-commercial/educational use), if possible it should not require the user to install anything extra in addition to the application (this may not be feasible, but I should find this out as part of the investigation, if it turns out to be impossible then as an alternative the library should require the minimum possible amount of installation and configuration) and finally it should have bindings to or be accessible from a language with which I am already at least partially familiar (eg one of C/C++/C#/Java).

As part of the early stages of the project detailed investigations were made into different libraries and languages with a final choice of C++, Qt and OpenGL being settled upon. The choice of Qt has been a very, very useful one as it contains not just libraries which support OpenGL, but also libraries which easily enable the addition of text to OpenGL windows, to print directly to PDFs (it would have been just as simple to print to a printer), to create programmatically parts of the user interface and to connect button presses and other events in the user interface to the code which handles it. The wealth and depth of these libraries has been a great boon to the creation of this application as they have both simplified and sped up the implementation process. The choice of C++ although useful in that it is a familiar language, has a great deal of documentation, is the language in which Qt is written and compiles to produce a relatively fast and compact executable (albeit on some platforms it still requires quite large library files if Qt is not installed) may not have been the greatest in terms of the speed of development of the actual application. An alternative might have been to use Python and the pyQt bindings for Qt which promise to offer Rapid Application Development, but how much of a gain learning a new programming language in the process might give is open to question. The other possibility is also that the final application might not run as quickly under Python due to the fact that it is an interpreted language. Taking all of this into account the choice of C++ was probably the correct one to make without further in depth study of the various pros and cons of choosing Python as an alternative. The choice of Qt on the other hand seems to unequivocally been the correct one.

4. Evaluate suitable programming languages/APIs in which to implement the application bearing in mind the 3D library which has been chosen. Once this is reduced to a short list of possibilities (2 languages/libraries) implement a cut down version of the interface in each language in order to assess which is more suitable for the final application. At this point the design will look at the interface only probably making it interact with one simple 3D object.

The evaluation process at the time supported the choice of C++ and Qt over C#, and still does, but as stated in the previous section, the alternative combination of Python and Qt might have proved a better choice. Without conducting such a test the outcome isn't knowable and the choice of C++ stands.

5. Once a 3D library is decided upon, then research the programming techniques/design requirements necessary to make effective use of the said library.

The choice of OpenGL was also a good one, as the documentation both on-line and off-line, meant that the implementation of the three dimensional objects proved to be quite straightforward.

6. Investigate the styles of question which come up on GCSE and KS3 SATs Exams each year, and the specifications from these syllabuses. If possible reduce these to a few types of question (3 or 4 maximum).

The GCSE syllabuses all contain the same statement with respect to 3D coordinate questions, but this boils down to precisely two styles of question at the higher tier either finding the midpoint of two vertices of a cuboid, or finding the coordinates of a missing vertex of a given cuboid. The Key Stage Three Programme of Study has a corresponding version of the same two types of question at a similar level of difficulty (although there are now no Key Stage Three SATs Exams as of 2009 onwards). These two different types of question have both been covered in the application but with hindsight there should also be a means to choose between the two types of question so that the user (whether a teacher or a student) can target just one type of question at a time (this is also the case with respect to the 3D Pythagoras' Theorem questions) as well as being able to choose a mixture of question types. This was also the suggestion given by a variety of Mathematics Teachers and two School Improvement Officers (one from Rochdale MBC and the other Manchester) who have looked at late versions of the application, unfortunately their feedback came too late for changes to be included in the final design and will have to wait for a future version.

7. Design, implement and test a final version of the interface, probably still interacting with a simple 3D object.

This was included in the steps which took the application from the trial version at the end of the Interim Research phase to the point where the application included the first prototypical stages of the 3D Coordinates question module. It includes the parts which are added programmatically to the interface at run time (the so called Answer Section). This took some experimentation to get correct as it was not immediately obvious that graphical widgets had to be added to layouts in order to be added to the final application programmatically. The major problem arose not from adding the widgets however but from being able to remove them when the question changed, this took some research on-line in order to find a solution.

8. Design, implement and test the 3D coordinates aspect of the application, including a random question generator, to generate individual questions, as well as tests/exercises made up of a certain number of questions, which could be either mixed questions or a homogeneous type of question.

The 3D coordinates section of the application gave rise to the main design and implementation of the product, since ultimately it was this aspect which led the design. The design was then reworked to include the ability to introduce other types of question without too much difficulty. As has already been stated this proved relatively straightforward up to the point where implementing a plugin system was attempted at this point the design had to be reworked in order to create a working system even if it did not fulfil all of the original design goals which had been established earlier in the process.

9. Implement advanced features or refine the existing application depending upon time available. At this step I will review the application to check if the functionality exists that was defined initially, if not then the refinement process will focus on this. Otherwise as time allows I will investigate more advanced possible aspects of the program.

In terms of advanced features there are two aspects of the application which can be taken to be beyond the initial bounds of the Terms of Reference, these are the 3D Pythagoras section of the application but although this is an extension to the original design, it does not really count as an advanced feature as it is merely a reworking of the existing module to generate 3D Coordinates questions. A more advanced feature however is the ability to generate worksheets of the chosen question type, although this could be construed as a means to implement the tests/exercises section of Objective 8 above. This feature apart from the bug involving the multiple monitor display on Linux, proved to be remarkably easy to implement, again underlining the positive benefits of choosing the Qt library.

Quality of the End Product

The final product is quite stable, only the erratic behaviour on Linux has given any cause for concern in terms of stability, this is also the case when dragging the application from one window to the other, probably due to problems in changing from one graphics controller to another. There is very little chance of the user being able to crash the application, the only two types of input (other than with a mouse) are answering the question by entering a value or trying to save a file without having permission to write to the directory. Trying to save a file without having the correct permissions merely results in nothing happening, the save appears to work but no file is created, and no error message is generated. Trying to crash the program by inputting suspect data in the answer section does not work either as the application merely compares this value to the correct answer (or checks if it lies less than a specified distance from the correct answer to be more precise), nothing else is done with this value so it is impossible to do anything else with this answer value. Finally an error may occur if the help.html file is missing but again this does not result in a crash, instead the application causes whatever application is set up as the default web browser to launch but without any file to open. 

What Aspects Of The Product Are Good And What Needs Improving?

The display of the 3D Coordinates objects leave something to be desired, as already stated, the display would be better if it used orthogonal projection, but then the interaction with the object is not intuitive and the gains are lost as a result. In a future iteration of this application it might be that the three dimensional objects use the same perspective view that the present application does, but then the worksheet generator uses an orthogonal projection instead. An alternative might be to supply more information in the text of the question such as the coordinates of the vertex which does not have a common edge with the origin, or another vertex if this one is the answer to the question. In a 3D Pythagoras' Theorem question it might be that the text of the question identifies the lengths of each edge of the cuboid in order to avoid any ambiguities arising from the diagram.

As has also been mentioned already there is a need for some means to select sub-question types, there is already the facility to choose between 3D Coordinate and 3D Pythagoras questions (as well as choosing random questions). But in terms of using the tool for teaching specific question types, it is often necessary to do just one question type at a time even if there is the possibility of more than one type of question occurring on an exam. The current workaround is to merely select a new question each time until the desired question type is displayed, this limitation also has implications for generating worksheets. The worksheet generator itself also needs further work, the current iteration is simple and was straightforward to create, but lacks flexibility in terms of layout and selecting the number of questions, this too could be improved in a future version.

The most pleasing aspect of the application is the design which allows for the addition of new question types quite easily, although still without the ease which a plugin system would create. The problem with the plugin system requires further investigation and probably some experimentation with a simpler model based on the class hierarchy of the application. A solution to this problem would mean that extending the application could be done without actually rewriting any of the application's code. Instead the plugins would be valid provided that they were compiled using the same compiler (including its' version) and the same major version of the Qt libraries. 

Where Next?

There are some aspects of the next stages of development which have already been discussed, such as the ability to choose question sub-types, or the possibility of adding more question types. By slightly altering the class hierarchy it should also be possible to inherit two dimensional problems with no navigation system, thereby making it possible to extend the application still further into 2D Pythagoras' Theorem questions, as well as a whole host of other Shape, Space and Measure questions. Other possibilities include investigating how easy it would be to get it included into KDE, a desktop environment built on the Qt libraries. In terms of speeding up development it is also likely that an investigation into the feasibility of using Python either through pyQt or even pyGTK, to see what sort of overheads this would add, and whether there are any real benefits of actually making the swap. In the past two months Nokia who own Trolltech and thus ultimately control Qt, have launched an early version of Qt for the Symbian 60 platform, at this moment in time the OpenGL library has yet to be implemented, but if it were then it may be the case that the application could be ported reasonably easily to run on the latest mobile phones (including Nokia and Sony Ericsson, two of the leading brands in the UK).

Conclusions

Other than the technical problems which have already been discussed in some detail the project has given rise to one major problem, that of time management. The schedule which was devised initially proved reasonably accurate in terms of the time individual elements would take, but suffered from major problems in terms of when these individual elements might take place. These problems arose mainly from things which were not a part of the project itself, including my workload from being a teacher, personal aspects of having a young family and for a large part tiredness from the combination of all of these things. This meant that instead of completing most of the main parts of implementing the application during the period July to September, these were actually done in the period September to December. This has obviously had a serious impact upon the completion of this report and even upon the final stages of completing the application. From this I have discovered that although my estimation skills in terms of the time required to complete various aspects of the application seem to be quite reasonable, they leave a lot to be desired in terms of the date of completion of these same elements.

It has been very useful working on a project connected to my work, as this has meant I have been able to rely on some of my colleagues both Teachers and School Improvement Officers (these used to be known as Numeracy Consultants and prior to that as Local Inspectors). Although due to the problems with the schedule as detailed above the feedback I have received has been somewhat too late to allow for many changes to be made, the key feedback, that sub-types of questions need to be selectable is one that I had reached myself after using a version of the application with a class. Other feedback has been useful such as a suggestion to change the display colours of the application to light backgrounds and dark ink colours as these are more visible when used on a Digital Projector with an Interactive White Board. Using a cut down version of the application during a Lesson Observation enabled me to garner some feedback from pupils too, mainly concerning the ease (or not) with which it was possible to view the screen, as well as giving some insight for me into what a user of the application needed to be able to do.

I have been particularly impressed with the Qt library which has made the project much more straightforward than would otherwise have been the case (probably). The range and the depth of supporting examples and documentation have made it relatively easy to find solutions to most problems (bugs not withstanding). This was most noticeable during the implementation of the worksheet generator where the documentation suggested a particular series of steps which would be necessary in order to output PDFs containing images based upon the three dimensional objects generated by the application unusually for a programming project these steps proved to be exactly the ones required without needing to refer to other documentation to discover the extra steps necessary for whichever corner case we were in the process of implementing. This accuracy in terms of documentation is one of the main reasons that this project has been completed so fully in the time scale initially envisaged (allowing for the slippages described above).

In general terms it would have been good to gain experience of the use of a Unit Testing Library and a Continuous Integration Solution, but these would have proved either too costly in terms of time or unnecessary to the success of the project. The quality of the final application is good, it is very stable, difficult to crash and behaves appropriately when expected files are missing. 

Lessons learned from the experience of completing this project include those concerning time estimation, although I have a good idea of how much time it will take me to complete individual tasks, the overall time scales are not something I can estimate whilst working as a teacher. Feedback from potential users has been useful, but due to the problems with timing this has come somewhat too late to be of direct use in the project. Use of the Qt Library has been very beneficial to this project, and I look forward to using this library again in future projects, whether with C++, Python or some other language of which I am currently unaware.
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Appendix A: Terms of Reference

Overview

As a Maths Teacher for the last 15 years I have seen an explosion in the use of ICT in the classroom, in virtually every school in the country the teacher's desk now has a computer sitting on it. A target of the Department for Children, Schools and Families is to have an Interactive Whiteboard and Digital Projector in every classroom by 2011, in addition most pupils have access to a computer at home and many Secondary School Maths Departments either have access to dedicated ICT rooms or class sets of laptops. 

In this environment using Powerpoint Presentations, Interactive Whiteboard software and dedicated Maths software (web based and desktop applications) both to deliver the didactic part of a lesson and to allow pupils to investigate aspects of Maths is now an expectation of pupils rather than a rarity. Unfortunately there is a lack of software to allow pupils to explore aspects of the Shape and Space Attainment Target in Maths, especially when it comes to the parts involving 3D objects (3D coordinates, Polyhedra and 3D Trigonometry Problems). Although some software exists most of it is commercial software, released under a proprietary license which precludes students from installing it on their own computers at home. One package which does allow students to access its components at home is the Web based MyMaths package, this is a commercial product, implemented using Flash objects, which allows the students of a school to access content and complete on-line assessments, once the school has bought a license. Unfortunately the 3D aspects of this package do not allow students to interact with the 3D objects, instead students are presented with a diagram which can be adjusted, although the viewpoint cannot be changed, and questions pertaining to it.

Therefore the goals of this project are to develop a desktop application which will allow users to interact with objects defined using 3D Cartesian coordinates. The application should be usable by teachers on an interactive whiteboard (or at a minimum with a digital projector) as a teaching tool, and by students as a tool to aid their investigation of 3D coordinates. It should also allow students to test their own knowledge by presenting them with a variety of questions and giving immediate feedback based on students’ responses.

Objectives

1. Investigate suitable tools to support the project management of a complex application. In other words investigate project management packages, version control software, unit testing libraries (dependent upon choice of language), continuous integration solutions and any other suitable packages.

2. Draw up a detailed specification of requirements for the application.

3. Investigate suitable 3D libraries available, the original project proposal suggested using OpenGL, but there may be other 3D libraries with similar capabilities. The library should be available on Windows, Mac and X11 platforms, it should be free (at least for non-commercial/educational use), if possible it should not require the user to install anything extra in addition to the application (this may not be feasible, but I should find this out as part of the investigation, if it turns out to be impossible then as an alternative the library should require the minimum possible amount of installation and configuration) and finally it should have bindings to or be accessible from a language with which I am already at least partially familiar (eg one of C/C++/C#/Java).

4. Evaluate suitable programming languages/APIs in which to implement the application bearing in mind the 3D library which has been chosen. Once this is reduced to a short list of possibilities (2 languages/libraries) implement a cut down version of the interface in each language in order to assess which is more suitable for the final application. At this point the design will look at the interface only probably making it interact with one simple 3D object.

5. Once a 3D library is decided upon, then research the programming techniques/design requirements necessary to make effective use of the said library.

6. Investigate the styles of question which come up on GCSE and KS3 SATs Exams each year, and the specifications from these syllabuses. If possible reduce these to a few types of question (3 or 4 maximum).

7. Design, implement and test a final version of the interface, probably still interacting with a simple 3D object.

8. Design, implement and test the 3D coordinates aspect of the application, including a random question generator, to generate individual questions, as well as tests/exercises made up of a certain number of questions, which could be either mixed questions or a homogeneous type of question.

9. Implement advanced features or refine the existing application depending upon time available. At this step I will review the application to check if the functionality exists that was defined initially, if not then the refinement process will focus on this. Otherwise as time allows I will investigate more advanced possible aspects of the program.

Constraints

The National Curriculum for Mathematics, National Numeracy Strategy and the GCSE Specifications for Mathematics of the major Exam Boards will define which aspects of 3D coordinates the application will demonstrate/test.

The application should be portable, ie usable on a variety of platforms (eg Windows, X11, Mac) although not necessarily by use of the same “binary”, it could be recompiled to access each platform but should not require the use of separate source files.

Implement the application in such a way that it is easy to extend to other aspects of 3D Maths (eg 3D Trigonometry/Pythagoras) possibly by way of a plug-in system.

The application should run on the selected platform with a minimal need to install other software (eg libraries).

Resources

Use of a computer, interactive whiteboard and data projector in order to test the application.

Use of a computer with limited 3D graphics hardware in order to simulate use on a lower specification machine by students (to check that it runs at a reasonable speed).

Once a programming language and 3D library are decided upon then access to suitable tools to enable the development of the software are required.

Internet access for research purposes.

Access to the University library for research purposes.

Access to other maths teachers for suggestions regarding the design of the application, testing and other research purposes.

Access to secondary school students also for suggestions regarding the design of the application, testing and research purposes.

Reporting

Regular reports will be made to the project supervisor, Amanda Dewhurst, either by email, a meeting or through use of other online facilities. 

The Final Project Report is to be submitted during the week of 5/1/09. 

The Demonstration and Viva is to take place during the week of 19/1/09.

Sponsor:
 Poppy Pickard

N/A

Supervisor:
Amanda Dewhurst

ad1@bolton.ac.uk 

Tutor:

Amanda Dewhurst

ad1@bolton.ac.uk
Appendix B: Detailed Specification of Requirements

Overview

The Wire Frame Tester for Teaching 3D Coordinates is a desktop application designed for use in a number of situations. 

It is meant to be used by teachers to aid in explaining and investigating how to work on problems at GCSE level involving 3D Coordinates. 

It is also meant to be used by pupils as a revision tool, in order to help consolidate their understanding of 3D Coordinates problems.

It is meant to be usable on most computers with a minimum of installation (ie none if possible) provided that some form of 3D graphics hardware is available.

Scenarios

Scenario 1: Miss Blue.

Miss Blue has been teaching Maths at all secondary levels for a few years, and often uses an Interactive White Board and Data Projector as well as a traditional white board in her teaching. Lessons involving ICT make use of a number of software packages including PowerPoint Presentations and various other Maths specific packages (such as the MyMaths.co.uk website). Although some of these allow her to display 3D Cartesian Coordinate problems and others generate random questions in the various styles that are common to GCSE exams, none of them allow her to interact with the 3D coordinate system. The Wire Frame Tester lets her generate specific types of GCSE and Key Stage 3 questions, manipulate the view in order to investigate the 3D problem and to enter the answer to the displayed question, which is marked and allows her to re-enter incorrect answers as she goes.

Scenario 2: Little Tommy.

Little Tommy is a pupil in Miss Blue’s Year 10 Set 2 Maths class. He is doing very well, his class have been entered for a GCSE Modular Maths course, and he is forecast to get a B at the end of the course. Miss Blue has given each member of her class a copy of the Wire Frame Tester Program on a CD to take home in order for them to revise prior to the first modular exam. Little Tommy’s father being something of a technical wizard has a number of different types of computer at home, including Windows machines, a Linux machine and a Mac. On the CD from Miss Blue are 3 different versions of the program, one for each of these operating systems each of which will run with a minimal amount of installation. Tommy runs the program on various machines during the course of his revision, exploring the various types of problem, and answering the questions as he goes.

Specific Requirements

User Interface

The interface will be a standard GUI Window, with a Menu Bar and Tool Bar containing various options which can be altered for the application. The main part of the window will be split into two sections, the viewer window and the navigation controls. In addition at the bottom of the window will be a section which contains the question being answered and a space to enter the answer. It will probably look something like this:
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The Menu Bar

The initial version of the application will have options here to:


Exit the application


Change the style of the questions


Get help


Get information about the application

The Tool Bar

The initial version of the application will have icons here to give the option to:


Change the style of the questions


Reset the view to the initial position


Change to a view perpendicular to the x-y plane


Change to a view perpendicular to the x-z plane


Change to a view perpendicular to the y-z plane

The Viewing Area

This will be a widget containing an OpenGL based diagram related to the question at the bottom of the display. It will be navigable using the buttons in the Navigation area and some of the buttons in the Tool Bar Area, but the main method of navigating the view will be by clicking and dragging in the viewing area with the mouse (or by touching an Interactive White Board). This will cause the view to rotate. It will display the 3D object and the axes using an orthographic projection with edges in a wire frame format.

The Navigation Area

This will contain a number of buttons (either with words or icons on them) to allow the user to alter the view displayed in the viewing are. There will be zoom in and zoom out buttons which will allow the user to move towards the origin or away from the origin. There will be four more buttons, one to reset the viewpoint to the original viewpoint, and three more to set the viewpoint perpendicular to each of the x-y, y-x and x-z planes at the same distance from the origin as the user is currently set (depending upon the users current position this may or may not result in a view of the 3D shape).

The Question Area

This will contain text in the form of a GCSE like question about the diagram in the Viewing Area. There will be no components with which the user can interact in this area.

The Answer Area

This will contain at least one line edit box (possibly three, one for each component of a coordinate) into which the user can enter their answers, plus a “Submit” button which will take the entries from the line edits and evaluate them. If the user gives the correct answer then this will be indicated to the user by a congratulatory message in the Viewing Area, lasting for 10-15 seconds before moving on to another question. If the user is incorrect then this will again be indicated in the Viewing Area, by a message lasting for 5 seconds then the user will have the opportunity to re-enter their answer, up to twice more, before the correct answer is displayed and the application moves on to the next question. There will be a button to move on to a new question which will cause the correct answer to be displayed before they move on.

The Status Bar

This will be used to display messages about the current settings, the type of questions chosen, and any other relevant messages.

Technical Details

Required Programming Languages

The 3D aspect of the library will require access to OpenGL from the programming language chosen. The application will display a 3D object in wire frame format, including x, y and z axes, in orthographic projection. The application will play a sound for each correct or incorrect answer, so access to a means of playing back sounds will be required.

Required Hardware

The application will run on any computer running an OpenGL compatible graphics accelerator, with a minimum amount of installation required. This means that the user should if possible be able to take a zipped folder containing the executable file and any required support files, unzip it on the target machine, change into the directory and run the application. 

Operating Systems

The application should be able to run, on Windows XP, Linux compatible Unices and Mac computers without the need to be re-written. It should be the case that it is only necessary to recompile the source codes into a suitable binary executable file. This is the target, due to the lack of a Mac I will only be able to test this on the first two.
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