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Abstract
In the U.S., high-school level students in computer programming classes are generally taught using languages other than those they will face in post-secondary education and in industry (C++ and Java) due to the relative difficulty in mastering the syntaxes of those widely-used languages. A toolset that could temporarily hide the syntax of C++ so that education efforts could focus more on semantics would benefit students by eliminating the time spent on learning infrequently-used languages while simultaneously giving them a head start on learning the language they will later use extensively. This toolset would create program code based on buttons, dialog boxes and wizards with levels of user-interaction that require understanding of abstract concepts and structures rather than code syntax itself. This toolset can be created as a set of plug-ins for popular integrated development environments.
I. Introduction


Currently in our public education system, the teaching of advanced programming using C++ is generally reserved for senior-level electives and for those students that have an extremely strong aptitude for programming concepts, if it is taught at all. Even those students that take the Advanced Placement Computer Science exam, which currently is offered in C++, don’t begin exposure to C++ until their junior year. Part of the reasoning behind this is that the syntax of C++ is less easily grasped by students than that of FORTRAN, Pascal, or variants of Basic, which form the basis of low- to mid-level programming classes. When students start out with these other languages, they have less time to progress into C++. Students that move further into computer programming at the post-secondary level, however, find that C++ and Java (with their similar syntaxes) are the staples of the education and business environments. 

If it were possible to remove the syntax barrier faced by high school computer programming students, those students could focus their attentions on programming concepts and structures… as they do now… without having to learn two different languages. Further, they could more quickly make progress towards the ideas behind object-oriented programming, and would have an even stronger basis with which they could tackle the A.P. exam.

My proposal is to develop a visual development environment for C++ programming that uses icons, buttons, dialog boxes and wizards to help users write C++ programs. Users would specify parameters for C++ structures that the program would fill into the code itself. For example, if the user wanted to write a function, he would click the function button. A dialog box would then pop up in which he would type the function name, select its return type from a drop-down list, and likewise specify input types and names. Completing the dialog box would cause the program to write a function declaration, write an empty function definition, and place the cursor inside the definition brackets. The user would again use various buttons and dialogs to create the definition itself. Likewise, a concept as simple as a for loop could be implemented by clicking the loop button, selecting the type (i.e. for, while, do-while) and then selecting variables, numbers and Boolean operators from lists to create the terminating conditions.

Instructors would teach students about variables, loops, conditional statements, functions, etc. while simultaneously using the program to have students demonstrate what they have learned. The code would not be hidden from students… the program would allow free editing… but syntax would not serve as a barrier to the language. The visual nature of the program would also raise the level of interest that the students have in programming in general. As the students become more adept, they could move towards coding by hand, already having many of their own code examples created by the program from which to work. This is analogous to the way that HTML is taught in most public schools today under the WYSIWYG model.

Such a program would of course need to be graphical and targeted at the Windows of Macintosh platforms to match the facilities of most high schools. Rather than creating such an integrated development environment for C++ from scratch, which would be a massive undertaking, the goals of this program could be accomplished by writing plug-ins for existing IDEs. Microsoft’s Visual Studio .NET and Metrowerks CodeWarrior, two leading development suites for Windows and Mac OS, respectively, support the use of plug-ins. It is towards these two products that the development effort would be targeted, with the aim of releasing the compiled and source-code versions of the plug-ins under the GPL license. 
Each plug-in would consist of a single toolbar with buttons associated with various programming elements and structures – variables, functions, if-then-else statements, loops, case statements, input sources and output destinations, and so on. A click of a particular button would activate the wizard, dialog box, or insertion feature of the plug-in for the associated element or structure.
II. Literature Review

It has long been established that some computer programming languages are more difficult to learn than others. Languages that favor discrete notation and arbitrary syntax are less easily and speedily grasped initially than functional and visual languages, despite generally being far more robust.

The languages taught to beginning programming students should be easy to use, should allow the student to write meaningful programs, and should be strong enough to reflect timeless programming ideas (Brownell.) C++ on its own generally fails that first test due to its syntactic complexity and the multiple ways of accomplishing the same task (Elkner.) Yet the College Board is now offering the Advanced Placement Computer Science exam in C++, meaning educators have an even greater motivation to offer C++ to students as early as possible – if only the problems first-year programmers experience with it can be overcome.

The University of Tasmania added to its main Pascal-based computer science curriculum by giving students the option of take C++-based programming classes in the mid 1990s. It has tracks for both introductory students (those with no previous programming knowledge) and advanced students; both tracks use C++. Educators in the computer science department found that once teaching materials were updated, there was no difference in performance between students that had been exposed to C++ and those that had learned in Pascal (Cifuentes.) This equivalence is a positive step, because it better prepares students for industry success – it shows that beginning and staying with C++ can work.


Beginning in 1995, a team at the University of Helsinki developed a project to produce a visual programming tool for 8th grade students called Empirica Control for Window 95. This tool used icons and drag-and-drop features to allow users to create programs… no code was written by users… that were displayed in a flow-chart model. Training was provided for teachers, and manuals were written for students to suggest programming constructs and sample solutions to common problems. During the study, it was found that the students took to the program immediately, using it with youthful abandon to solve the programming problems given by the teachers. However, their efforts often lacked focus, relying on trial and error techniques, and completely ignoring the sample solutions manual. The researchers concluded that the students would have achieved much better results had the teachers emphasized programming concepts, program design, and programming structures to a greater level (Lavonen.) This seems to validate the concept that early programmers can benefit from a simplified visual development approach if it is accompanied by a core focus on programming ideas and structures.

It seems also to be true that when introduced to a complex language, some students benefit from being provided correct and functional code that they are asked to modify. This allows them to notice the differences that small changes make while giving them an overall view of the complete program from the start (Nicholson.) Because the code generated by my tools will always be present and editable by students, I believe such a process would be facilitated. Even given simple programs by teachers, students could make small but significant modifications through the use of the plugins.

Learning the processes involved in creating plug-ins for the integrated development environments will be a key element of this project, and so it is necessary to find useful tutorials, guides and examples on the subject. Leo Notenboom, a contributor to MSDN Magazine, has written an excellent guide to creating a suite of text-editing plug-ins for Visual Studio .NET. Although the functions of his tools are different than what mine are to be, he outlines very clearly how to write elements that mine will use, including icon creation, controlling cursor insertion points, menu and keyboard commands, selective text preservation, and so on. I can use this tutorial as an early model from which to gain practice. He also provides a link to the Microsoft downloads page of the source code of dozens of sample plug-ins (Notenboom.)
III. Methodology

Instead of developing plug-ins for the two target development environments simultaneously, I will focus on running the project to completion for one of the architectures and then leveraging the knowledge gained in that experience to assist in the development for the second architecture. It is likely that most of the logic in the plug-in code itself will be reusable, even if the code that applies to the integration of the plug-ins into the development environment will not be. Further, it makes sense not to attempt to learn two sets of integration processes at the same time. Also of note is that both Visual Studio and CodeWarrior create much of the windowing code automatically, allowing the developer to focus on core logic.
The first step in completing this project is to educate myself on the topic of how to create plug-ins for one of the target development environments. This background knowledge will be essential when I move to the analysis and design phase of the project. Extensive documentation exists online and with the products to aid in this matter. I will also choose the language I will use, which will likely be C++ but may be C# for the Visual Studio platform if I could make significant gains in easing the complexity of creating plug-in code by using it. I currently have home access to both Visual Studio and CodeWarrior on the Windows XP and Mac OS 10.2 platforms, respectively, and have several years of experience in programming using C++.
From there I will proceed through the analysis and design steps. I will decide exactly what tools (hereafter referred to as buttons, modules, or tools interchangeably) for the plug-in are to be created based on what programming structures I wish to feature. In a very loose sense these will be sorted based on desirability in the event that I do not have time to complete them all. From there I will specify details for each tool – if it will be wizard-based, if it will require 0, 1, or many user-interaction steps, and what information the user will need to provide. Doing this will of course guide my development steps, but will also help me consider the estimated difficulty associated in writing the code for each tool.
The design of testing protocols will come next. The simple modules, where one button click simply inserts a small bit of code into the source file, will be tested quickly and easily using the black-box method. Extensive internal testing of this type of code will not be necessary if the black-box testing fails to produce an error because of the singular simplicity of the internal logic of the module – if it works, it works. The dialog-box and wizard-based modules will require white-box testing, however, because of the multi-level user input that they require. This testing design will occur further along in design of the algorithms of the module. Equivalence partitioning will be used to design the black-box tests for these modules.

Due to the insulated nature of each particular button, where they do not interact with each other, I need only be concerned with two testing levels – that of each individual module and that of all modules integrated into the toolbar. The testing of each module will be the primary focus. Once the toolbar code itself is established, it will be retested as each new button is added. 
The insularity of the modules also means that extensively complex design diagrams will not be necessary. Each module’s algorithms will be mapped using a flow chart or other similar device, from which data elements and methods will be determined.

At this point the actual writing of code can begin. A command-line-interface version of the simplest tool will be written and tested. When it works, the toolbar will be created, the first tool will be converted to a button-interface, and the button will be integrated into the toolbar. Testing of the tool will repeat.

From that point, additional tools will be written, tested, integrated, and tested again – all based on the order in which the tools were organized in the design process. Upon completion of all tools and their associated tests, the code will be streamlined as much as possible to promote organization and readability (performance of such simple modules is not expected to be a significant issue.) User documentation written is expected to be very light. When all of these steps are completed, the project will be considered closed for that particular development environment.
I will then learn the process of creating plug-ins for the second development environment. It is expected that the analysis and design steps will not need to be repeated – only the skeleton code for each module and the toolbar will need to be created. It is expected that, if the same language is used, the core logic of each module – based on the streamlined version of the first effort – will only need to be slightly modified for the new environment. Likewise the documentation will require only minimal changes. The final step will be to investigate and decide on how to distribute and publicize the results.

The following shows the time I expect to spend on the major processes:

3-weeks: 
Learning Plug-in Architecture 1
2-weeks: 
Initial Analysis / Design

2-weeks: 
Testing Design

2-weeks: 
Specific Module Design

5-weeks: 
Module Coding / Testing

2-weeks: 
Refactoring

1-week: 
Documentation

3-weeks: 
Learning Plug-in Architecture 2
3-weeks: 
Module Coding / Testing

1-week: 
Documentation

1-week: 
Distribution Investigation
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