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Abstract

The transformation of Schools of Architecture into breeding grounds for CAD proficient graduates has been a lofty dream over the past decade. Global trends, improvement in computer technology and lower cost of entry have however made this dream achievable within our current resources. While there are still arguments over the extent and rate of introduction of CAD into the curriculum, there is general consensus that the present curriculum should be improved, and that CAD should be an integral part of the training programme. This paper proposes that CAD proficiency should cover basic computer literacy, CAD concepts and theory, graphics software. 2D CAD and 3D CAD and visualization. The paper also deliberates on the facilities required, maintenance, funding and the role of the professional bodies. In conclusion, the production of CAD proficient architecture graduates is seen as imminent.
Introduction

The need to improve the curriculum of Architecture courses has been the subject of heated discourse and strategic positioning over the last decade (Chukwuali 2001, Mbina 1997, Nkwogu 2003, Okedele and Adejimi 2002, Olusanya 1999, Otitoola 2000, Saad 2001, Solanke 2001 and Uji 2001). Many of the champions of change are in a position to implement their visions, and so there has been a gradual realignment of the curriculum to 21st century realities. There has been a general agreement on the need to introduce CAD proficiency into the curriculum, but the extent and rate are still the subject of debate (Ogunsote 2001b).
A very problematic area is whether or not students should be allowed to produce only CAD versions of their final year projects, given the ease with which projects can be copied from the Internet. The issue of lack of a standard curriculum for CAD raised by Ogunsote and Prucnal-Ogunsote (2003a) should however be urgently addressed. This paper proposes that graduates of architecture should acquire CAD proficiency as part of their regular training. In this regard, HND Architecture diploma holders are also regarded as graduates. This will involve integration of CAD related courses into every year of the training programme. It is assumed that all projects may be presented in CAD format as the preferred option.
Computer Aided Architectural Presentation (CAAP) software

Ogunsote and Prucnal-Ogunsote (2002) identified the following categories of Computer Aided Architectural Presentation (CAAP) software:

· 2D and 3D modelling software

· Rendering software

· Animation software

· Bitmap (photo) editing software

· Graphics software

· Presentation software

· Desktop publishing software

· Device drivers

· Software tools

These categories can be grouped into two classes: CAD software and graphics software. CAD software and their categories are shown below.
Table 1: CAD software categories
	Category
	Examples of Software

	2D and 3D modelling software
	AutoCAD 2004, Architectural Desktop 2004, ArchiCAD 8.

	Rendering software
	AutoDesk 3D Studio Viz, AutoDesk 3D Studio Max, Accurender, Architectural Desktop 2004, ArchiCAD, AutoCAD 2004.

	Animation software
	AutoDesk 3D Studio Max, Architectural Desktop 2004, Corel Photo Paint.


Proficiency in this software should be acquired directly in departments. However, it is possible to offer courses in graphics to several departments at once. Graphics software and their categories are shown below.

Table 2: Graphics software categories
	Category
	Examples of Software

	Bitmap (photo) editing software
	Adobe PhotoShop, Microsoft Paint, Corel Photo Paint, MicroGrafx Picture Publisher

	Graphics software
	Corel Draw, Micrografx Designer

	Presentation software
	Microsoft Power Point, Harvard Graphics, 

	Desktop publishing software
	Adobe PageMaker, Microsoft Publisher

	Device drivers
	HP PhotoReal, Adobe Postscript, Scanner drivers, Digital camera drivers

	Software tools
	Acrobat distiller, Acrobat Reader, Imaging for Windows


CAD Proficiency
CAD proficiency requires expertise in the following areas:

· Basic computer literacy

· CAD concepts and theory
· Graphics software

· 2D CAD

· 3D CAD and visualization
CAD should be taught only to those students who require it, and though this is best taught directly by each department, there are circumstances where it is more efficient to offer some courses as service courses to several departments. There are some basic skills that should be acquired by all students of architecture, planning and engineering. These skills can be acquired through common courses. The more advanced skills should however be taught on a departmental level.

Basic Computer Literacy

Every graduate should have a certain minimum level of computer literacy which must be part of the training provided by the institution. While mathematics and some form of computing and programming is now part of most curricula, the focus and content are outdated. It is recommended that the following courses should be taught to all 100 Level to 300 Level students in tertiary institutions:

· Computer Appreciation. This course should teach the basics and history of computing, including familiarisation with the hardware and software. At the end, students should be able to work independently on a computer performing simple tasks.

· Operating Systems. This should cover the latest or recent version of Microsoft Windows and other operating systems as applicable. At the end students should be able to work freely in a Windows environment, even without a pointing device.
· Internet Appreciation. Each student should be able to work freely on the world wide web using email, chat rooms, search engines and directories after the course.
· Application Packages. Every student should learn how to use the most popular word-processing, spreadsheet, database and presentation software. This may include Microsoft Word, Microsoft Excel, Lotus 123, Microsoft Access and Microsoft PowerPoint. At the end students should be able to independently produce professional documents using the application packages.

These courses can be packaged into full-semester courses, but the tendency in developed countries is to provide short courses for which students receive low credits. Each student would therefore have to attend several of such short courses to make up the minimum number of credits required.
CAD concepts and theory

There are several concepts and theoretical constructs that form the basis of CAD software. These concepts include layers, blocks, arrays, colours, linetypes, lineweights, text and dimension styles, coordinate systems, relative and absolute coordinates, layouts, paper space, model space, views, viewports, plotting, hatching, dimensioning, object selection, object properties, object snap, lighting, materials, panning, zooming and orbiting. While these concepts are best understood when demonstrated on a computer, it is important to teach these concepts in a classroom environment. Good understanding of these concepts is essential in understanding and using CAD software. A workshop environment where theory can be discussed and concepts demonstrated is best. However, these concepts can still be taught successfully where there are very few computers.
Courses covering these concepts can be offered centrally to several departments with mainly lectures, practicals, assignments and written examination as components. The courses may for example be named Introduction to Computer Aided Draughting, CAD Concepts and Methods, Advanced CAD Concepts and Methods, et cetera. While examples should be given using a popular package like AutoCAD, the course content should be generally applicable to most CAD software.
Graphics Software

Even the best CAD design will lose its impact if poorly presented. Many aspects of students’ training also require advanced skills in report writing, sketching, formatting and presentation. A good knowledge of graphics software such as Adobe PhotoShop, Microsoft Paint, Corel Photo Paint, MicroGrafx Picture Publisher, Micrografx Designer, Corel Draw, Microsoft Power Point, Harvard Graphics, Adobe PageMaker, and Microsoft Publisher is essential.

These courses are best offered as common courses.
2D CAD

Proficiency in two-dimensional (2D) Computer Aided Draughting includes the ability to independently produce basic drawings such as plans, elevations, sections, details and schedules at a professional level. Mastering CAD software such as AutoCAD 2004 is essential.
This course can be offered at departmental level or as a common course depending on student population and facilities available.
3D CAD and visualization

This covers the ability to produce life-size and detailed models of buildings and complexes using advanced techniques including daylighting, artificial lighting, materials and landscape elements such as plants, people, animals and vehicles. Students should be able to produce photo-realistic renderings and animations at a professional level. Mastering CAD software such as AutoCAD 2004 and AutoDesk Architectural Desktop 2004 is essential.

This course can be offered at departmental level or as a common course depending on student population and facilities available.
Integration into Studio Projects

All students should be required to use CAD for their projects after a certain level. The teaching of several concepts and software packages can also be made the responsibility of studio lecturers. This will help bring back the culture of working in the studio, while making the addition of many new courses to the curriculum unnecessary. The studio course content will simply be modified to include the necessary CAD components.
Facilities Required

Ogunsote (2001a) deliberated upon the setting up of a workshop for Computer Aided Design and Draughting. Facilities and equipment required include computer hardware, computer software, power supply and lighting, trunking and cabling, networking, furniture and furnishing, audio visual aids, library, internet connectivity and security.
Maintenance

Computer equipment can quickly develop problems, especially when used by a large number of people and for long periods. It is important to have good and prompt maintenance of all computer equipment. This is best achieved by employing an in-house engineer for regular maintenance, although complex repairs may be best handled by a central maintenance workshop.
Funding

The funding of CAD proficiency must necessarily be shared by all the stakeholders. Even when computers are bought through special grants or donations, they still need to be maintained and upgraded. A way out is to charge students a CAD fee per semester. The amount charged should be adequate to supplement what is available, and will necessarily vary from institution to institution. A possible scenario for funding CAD proficiency is presented in the table below.
Table 3: A possible scenario for funding CAD proficiency
	Cost Center
	Funding

	Initial setup of computer workshop or laboratory including premises, furniture, computer equipment, printers and plotters, power equipment, power generator, networking, air conditioning, et cetera.
	The institution should have the largest share, though this can be done through donors to the institution. 

	Maintenance and upgrading and refurbishment
	This should be financed by students through laboratory fees

	Consumables such as paper and cartridges
	This should be financed by students through laboratory fees

	Computer equipment in each student’s room
	Students

	Computer equipment in each staff office
	Staff


Role of Professional Bodies

Professional bodies such as the Nigerian Institute of Architects should make CAD proficiency a condition for accreditation and demand that tertiary institutions provide the facilities required for CAD literacy or be denied accreditation. Graduates submitting log books for professional examinations should also be required to mandatorily include CAD-based projects.
Conclusion
Several schools of architecture already have large computer laboratories, while practically all schools have computers. The problem of CAD illiteracy in lecturers is also gradually becoming a thing of the past with most lecturers now having their own computers. Even students have started buying their own computers. The authors strongly believe that now is the time to integrate CAD proficiency into the architecture curriculum, thus making CAD proficiency a condition for graduation of architects. This will involve high initial investment and high running costs, but this is still within the level found in several private secondary schools in the country. Focused action by heads of schools of architecture can achieve the transformation needed within a few years.
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