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ABSTRACT: Within the realm of digital technologies, the student, the educator and the design industry 
all seemingly want different things. The industry desires fast and accurate documenters, the educator 
persuades the student to explore the potentials of massing and modeling, and the student wants to 
present their work with photographic realism. Digital technologies can be a distraction to design 
discourse by making it “about the image” rather than the ideas or the creative process. Two groups, 
design academics and those who resist technological change, also commonly hold this view.  

Can education of digital communications reconcile all these needs? Are BIM (Building Information 
Modeling) and parametric systems the panacea, the next generation of CAD software combining 
drafting, modeling and presentation in one user-friendly program? Or are they simply another 
marketing approach by software developers and resellers?  

This paper will explore the individual requirements of each of the stakeholders, identify the causal 
relationships, both fundamental and contributory, between them and relate their experience to the 
Australian context. The discussion will also focus on the question of digital training: Should it be the 
sole function of the University to educate students in the digital technologies, or should the design 
industry share the load by taking a greater responsibility for in-house digital training of staff? 
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INTRODUCTION 

Gone are drawing boards, drafting chairs, tee and set squares.  The design student’s workspace is changing. The 
specialised CAD pools or labs are being replaced by laptops and an endless wireless environment.  Student 
engagement is becoming more difficult and challenging. Those teaching in digital technologies, in a ‘ever-changing, 
technology-intensive profession’, have the opportunity to not only question what (CAD vs BIM) and where to teach 
(CAD Pools or virtual studios), but also how (stand-alone components vs integrated). (Crumpton and Miller 2008) 

The ‘new’ generation of students as Prensky describes them are ‘digital natives’ – native speakers of the digital 
language of computers, video games and the internet. The rest of the population are ‘digital immigrants’ whilst being 
able to understand and apply the digital knowledge are adapting to a digital environment. (Prensky 2001) 

These students represent a different age.  A different group with different attention spans and vastly different 
cognitive skills sets.  The use of traditional lecture - tutorial model of teaching is less effective with the ‘new’ student, 
and a diversifying of teaching and learning methods is required.  

Variations to learning styles, as expressed by Felder and Silverman (Felder and Silverman1988), combined with the 
introduction of asynchronous learning structures (Macalik 2008:3) have provided an opportunity to restructure not 
only the design studio but the methodology and conveyance of design education. 

Designers and educators born before the time of integrated digital society, immigrants within this new culture, 
maintain methods and attitudes from before and have adopted the new language to maintain currency. (Macalik 
2008:3) 

Within most higher education facilities are a mixture of design specific software packages. This multiplicity is to 
satisfy the design industry, create real world situations for students and to allow students to produce presentation 
outcomes.   

It is becoming evident that graduating students from architecture and interior architecture courses are not fully 
embracing the software packages holistically and efficiently that are offered to them in their degrees. Consider 
examples of student work in upper year studio, where the outcome is graded on the presentation outcome without 
consideration to the technical process or strict adherence to protocols or systems. This raises issues of pedagogical 
methods for the delivery of communication courses.  How and where the skills can best be delivered to aid student 
engagement of these digital technologies. We want students to utilise their design skills in a range of ways 
incorporating technology but also to become leaders of new technology before being employed. Essentially, using the 
technology to explain or help illustrate their designs and opinions not just learning the programs.  The student who 
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prefers to choose the simpler and free software, like Google SketchUp, may be indicating a larger problem in the 
education of digital technologies.  This need for immediacy, as Macalik indicates, provides the students with quick 
tangible results rather than an extended process of learning a more complex software program. They are more 
responsive to the quick ‘processing’ of information. (Macalik 2008:7)  SketchUp may be appropriate for some aspects 
of the design process but it isn’t an integrated design, construction and documentation solution.  Ibrahim discusses 
the form generation and presentation capacities of software, aware that the student is driving the ‘pretty image’ 
outcome for higher grades. (Ibrahim 2007)  
Observing final year students studio presentations supports this statement where so often the focus is on the 
presentation.  Students have become less confident with manual drawing skills, in particular two point perspectives, 
yet at the same time they have developed a skill (motivation) for creating high quality renderings without always 
knowing how. This ‘fluke’ is a manipulation of the software to produce an aesthetic solution whilst greatly lessening 
the design process.  The outcome still involves scholarly rigour; however this isn’t good design practice as the 
fundamentals of learning about a designed space through discovery, iteration and visualisation are missing.  

Students must have the ability to convey their ideas.  Complex designs may require complex drawings either manual 
or computer aided. To be able to present what they are thinking, translate into a complex integrated form and to 
communicate these ideas in appropriate ways to clients is a key objective of developing communication skills. The 
tendency is to sacrifice documentation skills for presentation skills; where presentation in this sense is hand drawing 
skills, 3D digital presentation and desktop publishing skills. This focus on presentation is not the realm of AutoCAD, 
and drafting of the past, or Revit and Building Information Modelling (BIM) of the future.  This is not to say that the 
resultant model in BIM cannot be used for presentation purposes but it shouldn’t be the main reason for its integration 
into design offices or teaching in design education. It may be a causal relationship or an implied function of the 
technology that BIM is a logical step in CAD evolution.  It is moreover a significantly different design and construction 
process.   

1. BACKGROUND 

1.1. History of drafting and CAD 
The history of drafting that I am concerned with in this paper is the history of technical drawings and what it is now 
commonly called CAD; CAD as computer aided drafting. The second, computer aided design, is a design and 
modelling tool and extends to manufacturing of photo-realistic renderings.  The latter definition of CAD is primarily 
focused on its use as a 3D system.  For the purpose of this paper CAD is referring to the former 2D drafting 
definition. 

The graphic presentation of lines, symbols and codes evolved from manual or hand drawing of design. As computer 
technology improved so do the benefits of computers to produce and reproduce these lines on the monitor, and 
thereafter the printed page.  Computer prepared drawings resembled the manually drawn form and simply made the 
process quicker and less vulnerable to errors.  

Whilst drafting by hand can have a considered beauty to its outcome it is the negatives in the process that have 
antiquated its use.  Hand drafting is tremendously prone to errors, the time to redraw or erase is a considerable 
percentage of the time of producing resultant prints, as well as the duplication of these images.  These laborious 
elements to hand drafting simply cannot compete with the ever-improving computer drafting age.  In less than twenty 
years offices have gone from employing specialist hand drafters to becoming almost fully CAD dependant.  CAD 
drawing has been criticised for its lack of beauty in comparison to hand-drafted drawing. This is its advantage.  A 
drawing set is not an object of art but a legal set of drawings.  Every drawing set can, and probably should, look the 
same.  The CAD software allows greater control and enforcement of standards and protocols of technical drawing.  
The purpose of technical drawings is to produce concise and clear communication of information and to transform an 
idea into a physical (built) form. 

CAD evolved from hand drafting due to time efficiencies, increased productivity and improved accuracy of drawing.  
The impact of its growth can also be equated to the employment of architecture and design graduates as CAD 
operators over the previously specialised drafter.   

Parametric and 3D design programs have developed, BIM software (Building Information Modelling) has emerged as 
the prominent and probable successor to CAD. 

 
1.2 History of BIM 
The concept of building information modelling (BIM) is simple, to digitally construct a virtual model of a building with 
embedded data capable of being extracted or analysed by any process along the buildings’ conception, construction 
or life-cycle.  In other words BIM isn’t a program it’s a description of the way a building model is constructed and used 
in the processes, “it is the tools, processes and technologies that are facilitated by digital, machine-readable 
documentation about a building, its performances, its planning, its construction and later its operation”. (Eastman 
2008:467) 

The current process for designing and documenting buildings requires consistent iteration and repetitive reiteration of 
paper-based drawing sets. This process increases “errors and omissions in paper documents often causing 
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unanticipated field costs, delays and eventual lawsuits between the various parties in the project team”. (Eastman 
2008:2)  Some of the current industry confusion about building information modelling (BIM) is that it is simply a 
‘building model’.  3D modelling has been around for some time and whilst BIM by its nature requires the construction 
of a 3D model it is the ‘I’ in BIM that makes it different and far more than an alternative to CAD.   BIM is an 
evolutionary advancement of traditional 2D drafting to a 3D information-rich model and is “built around a database of 
a projects physical and functional characteristics”. (Jones 2008:12) The more data added to the model, the more 
benefits can be leveraged from it. Beyond 3D visualization of a project, information about specific objects within the 
model can be used for a wide range of analyses such as building performance, schedule and costs. Today, 3D 
modeling is by far the most popular use of BIM, with architects leading the way. Other users, such as engineers, are 
finding selective ways to model elements in BIM. Users are building momentum for the use of BIM in 4D (scheduling) 
and 5D (cost estimating). (Jones 2008:12) 
A BIM project instead of being a set of drawings, lines, arcs and text is a central repository of physical and functional 
characteristics in a digital database.  Drawing sets can still be generated from this database and will be for the 
foreseeable future but it is the first time in hundreds of years of design and construction that the process has the 
potential to change.  BIM provides all stake holders involved in a buildings lifecycle, the ability to produce a building 
model and extract all-important information. Allowing you to configure different views, check for spatial conflicts, 
provide costing estimates, material schedules and specifications, and enable energy, lighting and acoustic analyses. 
Importantly, this information is not just available at the end of the design process but at all stages along it. 

In essence the need to change the design and construction process will be needed to maximise the enormous power 
of BIM.  The successful use of the BIM process will require a different psychological approach than most of the 
building design and construction industry is accustomed to. (Kymmell 2008)  Future BIM will not look like what it does 
now.  We are still trying to construct a 2D graphical paradigm for a process that is now not reliant on the former 
drafting techniques and protocols.  BIM requires more input at the front end, costing more because it does more. It 
will segregate the design industry, as moving from manual drafting to computer drafting did. There will be those who 
see the benefit and embrace it, who can ultimately afford to purchase the hardware and software and employ (or 
train) their staff to implement the new software and develop it within their systems and office protocols.   In the future 
those firms “using BIM will save time and money, see fewer design errors, experience improved productivity, and 
have access to new business opportunities. BIM is not a technology, but it does require suitable technology to be 
implemented effectively”.  (Solibri 2010) 

To be excited about the possibilities within this technology is to understand that future designers may not need to sit 
at a workstation or print a single page.  A contractor may be able to bring up a projection of a detail on site to identify 
and explain construction issues.  Reducing the cost of the design, construction and maintenance on a project will 
drive the technology to take complete hold of the industry eventually.   

 
1.3 Integration and Implementation 
Architectural and design firms have begun integrating BIM into their systems.  Early industry reports, for example the 
DIA (Robertson 2009), indicate steady increase of BIM software but not at the expense or decline of the traditional 
2D software. This may indicate a trialling of the software in the early stages of transition. The US data (AIA and CIFE) 
indicating an increase in the growth of BIM software with one early study demonstrating a significant return on 
investment for projects using BIM. (Azher 2008) Structural and mechanical engineers have led the engineering field 
and contractors will follow, as it becomes cost competitive for them to do so.  Building owners have the ability to 
utilise the design or construction model as a completed ‘as built’ model or ‘operations model’ to facilitate ongoing 
operations and maintenance of the building.  Analysis tools are a rapidly developing area of BIM and include clash 
detection, energy simulations, scheduling and estimating. As more analysis tools are developed to work with 
authoring tools, the power of BIM will increase exponentially. (Jones 2008:22) 

Time and cost savings come when the information in the model is shared and extracted by multiple users without 
intensive reworking.  Extraction and utilisation of data directly into another system or tool without double data entry 
creates the most efficient use of the model.  At this stage it’s more BiM than BIM; it is a 3D building architectural 
model driven occasionally by engineering and energy analysis but not fully developed as an information conduit.  It 
will come hopefully driven by architects and designers with ‘design intent’ first.  This last statement depends to some 
degree on how BIM is integrated in the curricula of university. The best practices for the delivery of BIM in an 
architectural or design curriculum are as a part of the current discourse in many programs. Should BIM be taught in 
technology courses where the tool and its skills are developed, or should BIM be integrated into a studio environment 
where design methods and processes de-emphasize functionality?  (Brown 2009)  

Observations of the recent economic downturn have shown in the US experience, a greater conversion and adoption 
of BIM in AEC professions.  The added cost of converting to BIM is justified by the cost saving on future projects.  
Firms who have converted to BIM become competitively positioned to take advantage of BIM integration and market 
growth.  However this is far more likely in larger sized firms than in smaller firms where cash flow is critical.   Interior 
design (and small architecture) firms will be affected more due to the likelihood of being small or sole proprietary 
businesses. 
 
Driven by industry alone this integration of BIM will be a cost-cutting, profit-making and efficiency-based tool that 
neither questions its impact on the design process nor the impact on those who don’t or can’t embrace its use. 
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Tertiary education of BIM is essential to balance the literature about the benefits of BIM by identifying not only the 
strengths but also the weaknesses.  It can also act, suggests Cheng (2006) as a conduit for change in design 
education by providing a consideration of how, what and where we teach design. 
 

Regardless of the magnitude of BIM’s eventual impact on the profession, its recent rise provides the ideal catalyst 
for rethinking architectural education.  The level of expertise required to intelligently design with BIM is significant, 
and serious consideration must be given to how it can be taught. 

 
2. TERTIARY EDUCATION AND BIM 

2.1 Issues with teaching BIM 
There are several issues that are hindering the incorporation of BIM into university curriculum.  They can be 
categorised into three organisational groups: - staff, students and university.  
 
Staff issues are primarily about overcoming obstruction.  The availability of qualified staff, the uptake within courses 
and acceptance by colleagues are among the most critical obstacles to overcome. From the staff perspective it is the 
complexity of the software, lack of support from faculty, unwillingness to change curriculum to add BIM, and 
uncertainty about which platform to use, that inhibits BIM teaching. (Woo 2007)   
 
Students need access to software, hardware and high quality developed training. They also require a level of 
prerequisite knowledge, especially in construction experience. Pedagogical challenges target the level of knowledge 
required to use BIM software.  Teaching and learning BIM requires higher construction expertise based upon 
practical experience.  (Woo 2007)   
 
The university’s constraints are its structural capacity to allow or develop new courses, support changes in teaching 
and learning styles and the speed of change to address these pedagogical challenges. Ibrahim, Woo and Sabongi all 
conclude that the most practical way to offer BIM to students, is to incorporate it’s learning into various courses or an 
independent project in middle to upper year level. Crumpton and Miller note where programs introduce BIM, each 
program must determine at which level to teach the technology, how to best utilize the information management 
aspects and how to fit it into an ever shrinking credit hour allocation. (Ibrahim 2008; Woo 2007; Sabongi 2008; 
Crumpton and Miller 2008) 

 
Ibrahim makes 9 observations about the integration and implementation of BIM into the design education. 
  

1. Comparing conventional CAD to BIM 
2. CAD is everywhere, BIM is not 
3. CAD substitutes hand drafting, BIM does not 
4. BIM based applications are a long struggle 
5. Lots of misconceptions about BIM 
6. Form generation versus production: Beauty and the beast 
7. Architects are not very fond of computers after all 
8. The “rush” versus “wait” debate 
9. The bottom up attitude 

 
(Ibrahim 2008) 

 
Several of these observations are self explanatory and capture the initial opinions in a BIM discussion, making 
comparisons to CAD and current CAD education and the complex nature of the BIM software programs.  
Sabongi reiterates several of these points from the results of an undergraduate survey and identifies four (4) barriers 
of BIM education.    
 

1. No room for new courses,  
2. Limited number of courses,  
3. Faculty time and resources required to develop a new course and  
4. Lack of textbooks and other educational resources for students.  

 
    (Sabongi 2008) 

 
2.2 Integrating BIM into design education 
Initially BIM software has replaced, or is threatening to replace, 2D drafting or 3D modelling courses.  Due to the 
complexity of BIM software however and the constraints on time within most programs, this is the obvious but not the 
best solution for integration.  The expertise needed to utilise BIM skills is difficult to develop in a single course and 
needs to be assimilated into as many courses as possible.  To create student engagement with BIM implementation 
we should consider not only learning how to create and modify the model, but also, understanding and utilising 
analysis tools on existing models. The conceptual nature of studio-based courses focuses on the pedagogical 
development of student knowledge, not computer skills. If the studio is not supported with appropriate technical 
expertise implementing BIM in the studio environment can also be challenging. (Brown 2008) The risk to educators is 
to focus on either the construction or the studio use of BIM at the exclusivity of the other.  The ‘digital immigrant’ staff, 
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as mentioned earlier, must embrace BIM outcomes in their courses for successful integration.   
 
The development of students resources, for example, books and courseware, must focus on skill sets directly 
applicable to the commercial environment.  
 

We should differentiate the benefits we gain professionally from using CAD in general and the architectural 
education process where knowledge should be acquired in digestible doses but without undermining the necessity 
to learn tools, CAD tools in particular, in order to be ready for both the creative and productive parts of the 
architecture profession. (Ibrahim 2008:659) 

The role of university education is crucial in the growth of BIM.  Not just as an institution of learning, but the 
intersection of debate, understanding exploration and control.  The university must give opinion through its courses of 
what elements of BIM are for the betterment of design.  It should also be involved in the creation of standards of the 
BIM system.  If left to the design industry this would be unrestrained and focused heavily on profit making.   

BIM must combine not only a new education methodology of a new software process, but be placed in new course 
structures to enable the ‘new’ student to be engaged. Woo summarises the pedagogical goal of integrating BIM into 
design education by stating “that BIM is not merely sophisticated CAD software or a new drafting technique but a way 
of inter-relating design, construction and facilities management.” (Woo 2007) 
 
3. VIEW FROM OUR BRIDGE 

3.1 The Interior Architecture perspective 
BIM is a topic largely ignored by the interior design industry and interior architecture educators. Discussions with 
staff, industry professionals and past and present students would give some credence to this statement. For 
example, a senior member of our local chapter of the DIA was completely unaware of the term BIM and needed an 
extensive discussion before understanding how it differed from CAD.  There is amongst some interior architecture 
staff a disinterest to most things technical and a belief that BIM is also just another new piece of CAD software.   
 
Whilst the majority of architecture and engineering industries are embracing BIM with either trial, total conversion or 
transitional integration, in the field of interior design (and some architecture firms) “there is still some resistance to 
BIM, especially with smaller [firms] who are reluctant to make the investment” (Jones 2008:8).  For architecture the 
progress to BIM is more ordered and logical. 
 

A Interior designer will only use a specific set of BIM tools, given that they are not responsible for 
generating exterior construction or structural systems.  Since BIM was developed to encompass the 
entire construction process, teaching the technology in interior design programs becomes even more 
problematic. (Crumpton and Miller 2008:1182) 

 
There is a suspicion, fear and often ‘a wait and see’ attitude to technological advancements within this realm.  It is 
also the case, as with small architecture firms, that the financial feasibility of such a change is difficult to equate into 
benefit.  Return on investment is difficult to justify as too is the cost of training existing staff, the cost of purchasing 
new software and new hardware and continual upgrades. However, for interior design to fit within the design and 
construction industry it will need to fully integrate and accept the BIM reality.  Tertiary courses in interior architecture 
should lead changes in technology and processes by giving examples, training and leadership.  By entering into the 
dialogue and being involved in the creation of BIM standards, by preparing supporting and resourcing existing staff. 
 
The challenge for design education of Interior Architecture is to not mimic, or be combined within, an architecture 
model, but, to develop a unique and specific BIM methodology; that allows considerable scope for design and 
promotes an appropriate amount of construction input and output.  Removing extraneous base building construction 
prerequisites by the inclusion of existing building shell information will assist this structuring.  The Interior Architecture 
model must also demonstrate and provide analysis of information from a model. The incorporation of analysis tools 
for budget, lighting, scheduling, specifications and energy efficiency, to name a few, are the types of applications 
fundamental to interior design practice and education. 
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CONCLUSION 

Perhaps BIM will enable all aspects of the design and construction process to be facilitated from the one program 
however we should not completely eliminate the need for continued education of current software programs that 
enable 2D drafting and 3D visualisation.  The growth of interoperable analysis tools, for example energy efficiency, 
may provide an easy entry-level application for integration into design courses.  What should happen is the inclusion 
of BIM education, integration and implementation into as many courses as possible.  The alternative is to facilitate 
change in the delivery of courses and allow more project-based courses that combine design exploration with 
construction resolution. 

The advantage and disadvantage with BIM development on the one hand, is that we have the US experiences to 
draw from, to guide us on best practice, to benchmark standards and certification, and to sort out the legal issues 
regarding ownership and liability.  The disadvantages are that we are not part of the decision making process and 
follow what might not be pertinent to the Australian context.  We should also take a lead to balance the drive for BIM 
so that it is not all about cost saving and profit margins and rather about better design and a better design-
construction process. 

BIM is very likely to be the AEC industry standard.  Teaching it at university is inevitable.  However, due to its 
complex nature it is going to be challenging to teach or integrate into current curriculum.  The challenge of integrating 
BIM into design programs also provides the opportunity to develop student engagement through the innovative 
combination of traditional teaching methodology with new learning styles that better identify the ‘new’ student 
capabilities to learn.  Addressing if, how and where to teach BIM is a question within the bigger question of how to 
address teaching changes and philosophies.  BIM can be the catalyst for the evolution of design studio, construction, 
as well as, design communication courses.   
 
The interior architecture academic community and the interior design industry are going to be resistant to change and 
will need convincing in the short term.  Importantly the ‘wait and see’ approach could significantly hamper the 
graduates who do not have BIM skills.  Graduates who have BIM skills will be more employable but whether they are 
better designers is a question about the quality of the rest of the program. 
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