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Abstract. Long hailed as the future of the building industry, Building 
Information Modelling (BIM) and integrated design processes have 
been slow to be implemented widely. However, as more firms start to 
overcome the obstacles of upfront cost and significant changes to their 
business model, the promised results of cost savings, shortening time 
lines and more integrated working conditions are winning converts. 
Because no “best practices” have been established as to how and when 
a firm – architecture, engineering or construction – should implement 
the technology, there has been little help for practitioners to confident-
ly move in the direction of BIM based project management. This pa-
per outlines a methodology for gaining a better understanding of the 
true influence of digital design technologies on the building industry. 
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1. Introduction  

In the past ten to fifteen years, there has been a tremendous growth in digital 
design in the professional, theoretical and academic worlds. The range of the 
conversation spans from theoretical musings to pragmatic concerns, formal-
ist and performative approaches to design, and conceptual projects seeking 
innovative advances in materials and methods. We do not yet know if the 
ongoing revolution has produced a better, more efficient or more beautiful 
architecture. Our investigation begins with this question: do these tools pro-
mote better collaboration and thus result in a better built environment? In 
2004, Stephen Kieran and James Timberlake published their well-known 
manifesto, Refabricating Architecture (2004). Within those pages, the two 
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argued for a new way of building that emulates the advances in the aero-
space, automobile and shipbuilding industries. Fundamental to that premise 
is the incorporation of new design and communication technologies. How-
ever, Kieran and Timberlake were less clear on the type, scale and imple-
mentation of these procedures, and further reading has shown that no best 
practices framework had been established for this field. While these other 
highly technical industries have spent decades refining their design and pro-
duction methods, as well as their material and supply chains, the AEC field 
in the United States is not just lagging behind in advances, they have actual-
ly declined in their rates of productivity as has been pointed out be Paul 
Teicholz of the Center for Integrated Facilities Engineering at Stanford Uni-
versity. (Figure 1) 

Figure 1. Change in productivity over time. Source: Paul Teicholz. 

 
A year later, in 2005, Harvard Design Magazine published  an article by 

Daniel Willis and Todd Woodward entitled “Diminishing Difficulty: Mass 
Customization and the Digital Production of Architecture,” (Corser, 2010) 
which is a pointed, critical evaluation of the industry and the future of digital 
fabrication and mass customization as proposed by Kieran and Timberlake 
and others. They describe the difficulties faced by firms, both due to techno-
logical issues, as well as the entrenched habits in which most practitioners 
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are wary of being early adopters of largely unknown software. However, the 
authors do recognize the fact that three techniques are poised to transform 
the industry: mass customization, parametric modelling, and building infor-
mation modelling. While these techniques have indeed had an impact on the 
building industry in the decade since Refabricating Architecture was pub-
lished, there has been lacking wholesale change to the industry. 

2. Design Communication and BIM   
 
Although Building Information Modelling (BIM) technologies have existed 
for several decades, they have only recently gained traction in an industry 
slow to accept change. Implementing these technologies requires significant 
upfront expense, demands changes in employee skill sets, requires new 
software (and the associated training), and requires specific tools from a con-
tractor's standpoint. These concerns are among the many reasons cited for 
the reluctance to change over to the integrated style of working. However, as 
some firms begin to make the transition, they have been reaping rewards 
such as cost savings, shorter construction time lines, and a higher quality 
built result.  

To this point, each firm has had to make an independent decision regard-
ing the appropriateness of the timing and how to go about switching tech-
nologies. There are no guidelines regarding size or scale of project (and 
firm) for which BIM is most suitable, or examination of the factors that 
make the switch logical and cost effective. Furthermore, the current market 
penetration of BIM usage is mostly just conjecture, and the efficacy of the 
software  as it is implemented and used today is simply unknown. These 
questions are the core of the study. To evaluate these issues, we have adopt-
ed a multi-pronged approach, consisting of collecting primary data through 
surveys, then completing more in-depth analysis of a few case studies. These 
case studies are meant to bring to light the reality of how digital tools are be-
ing implemented in the AEC industry and to get past the promotional  mar-
keting of software companies which tend to highlight only the most extreme 
success stories. 

The analysis of the data that we will gather will target several major con-
cerns. First, we plan to provide a framework for understanding the key con-
siderations that firms would want to evaluate prior to implementing BIM 
within an architecture, engineering or contracting firm. Some of these factors 
may include the size of the firms involved, the history of collaborative ef-
forts, the type and scale of typical projects, and employee skill sets.  
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Further, we seek to establish a link to academia with a series of questions 
regarding the level of training needed to implement this technology effec-
tively, and whether or not recent graduates are aware of and competent with 
this software and project delivery type. Currently, there is considerable hotly 
contested discussion in the world of academia regarding the appropriate role 
of the academy in training future practitioners in software skills; finding the 
balance of providing students with the fundamental core skills needed to be 
architects while also navigating the changing nature of project delivery in a 
digital world. We expect to be able to add a significant body of research data 
to the conversation.   

3. Design Methodology 

The proposed study is composed of two research strategies, a survey and a 
series of case studies. The survey will be the first set of data collection. By 
analysing this data we hope to be able to tease out a number of factors that 
precipitate a successful shift to using BIM technologies. The second, more in 
depth set of data collection will be collected through in-person interviews, 
from which a series of case studies will be established. A case study differs 
from life observation and experience in that it involves identifying and un-
derstanding numerous factors with complex contextual dynamics. Here the 
authors have identified the primary contextual factors that must be consid-
ered for a thorough understanding of the problem. Combined with several 
hard data points such as firm size, available resources, and project size and 
management type, the authors feel that a clear, logical conclusion can be 
drawn about the appropriateness of individual implementation of BIM tech-
nologies.  

3.1 SURVEY 

There were two main components to the initial study design: identifying the 
target region and compiling a contact list, and creating the survey questions 
themselves. In considering the scope of the region to be covered, factors 
such as climate, regional material availability, the likelihood of collaboration 
between firms based on proximity and the idea of a regional vernacular led 
us to limit our study area to an 800 mile stretch of the Pacific Northwest, 
from Seattle, Washington to San Francisco, California. As the study pro-
gressed, the decision was made to make the initial study a test pilot case to 
gauge the efficacy of the survey questions as written, the expected rate of re-
sponse, etc. The geographical region was limited to a local level, reaching 
from Ashland, Oregon in the south to Salem, Oregon to the north. After this 
initial roll-out, the full regional survey would be conducted. The ultimate 
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goal of defining this process is to create a repeatable process with the inten-
tion of gathering a much information as possible regarding regional differ-
ences.  

3.1.1 Compiling a Regional Contact list 

The initial decision to limit the range of the survey is intended to create a re-
gional data set. The methodology to compile this data should be identical 
from region to region.  

The contact list was created from a conglomeration of publicly available 
information, generally sourced from the websites of professional organiza-
tions which offer a range of information on a firm, often including number 
of personnel, types of projects, and contact information including mailing 
address, website, email addresses and contact names. The primary source for 
architectural contacts was the local and regional American Institute of Archi-
tects websites, including AIA Southwestern Oregon, AIA Salem and AIA 
Southern Oregon. For the contact information for engineers, the most helpful 
websites included the American Council of Engineering Companies of Ore-
gon and the Professional Engineers of Oregon, the local chapter of the Na-
tional Society of Professional Engineers. A reasonably good source for con-
tracting companies was the Associated General Contractors: Oregon 
Columbia Chapter. The Engineering News-Record (enr.com) Top Lists were 
also a helpful resource, as was general internet searches.  

In all, for our initial localized study, we gathered 172 contacts, with the 
breakdown of 90 architecture firms, 36 engineering firms, and 46 contrac-
tors. Not all of these firms listed an email contact (our preferred method of 
communication) but if there was a phone number available we assumed that 
contact could be made and the survey distributed effectively.  

3.1.2 Composing survey questions 

The survey is intended to take approximately 10 minutes to complete, and is 
administered through Qualtrics software, which is free to use for University 
of Oregon faculty and students. We decided on 25 multiple choice or yes/no 
questions based on a review of similar internet surveys, such as those con-
ducted by ENR, etc. Our format broke down into three general categories: 1: 
factual data gathering and if/when the firm has implemented the use of BIM 
software; 2: general information gathering regarding style and efficacy of 
communication between team members – focusing on  communication be-
tween the various disciplines; and 3: opportunities for the respondent to 
voice an opinion on some of the “big issues” such as: Does the utilization of 
BIM software result in a higher quality final product?  
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As an addendum to the survey, the respondents are given the option of 
volunteering their firm to participate in the case study evaluation. Although 
in our initial local survey we plan on contacting likely case study partici-
pants directly, we will include this section in the local survey to gather data 
to extrapolate what proportion of respondents are likely to volunteer for a 
case study in the larger regional outreach.  

3.2 SURVEY ANALYSIS 

Using a correlational research strategy, we will be able to identify patterns of 
relationships from the survey data set. Some factors we are looking at in par-
ticular include the size of the firm, the type of their projects, the size/budget 
of those projects. A few of the relationships that we are looking to under-
stand better is the correlation between how BIM and other digital design 
tools are facilitating collaboration amongst the design and construction team 
as well as what in the chain of the design process is the biggest barrier to-
wards a more tightly integrated design and construction process. 

3.3 CASE STUDY DESIGN AND INTENT  

Over the past decade, KeiranTimberlake Architects has published several 
books of their work, much of it attempting to describe their research and de-
sign process in pursuit of the ideas laid out in Refabricating Architecture. 
Other notable architects who have published significant amounts of infor-
mation regarding their process of incorporating digital design tools into their 
workflow include ShoP Architects (Holden, 2012), Gehry Associates, and 
highly conceptual work from others such as Greg Lynn (1999, 2010). While 
they have led the industry and spawned sub-specialities in architectural digi-
tal design and production skills and created and improved access to cutting 
edge software, the majority of practitioners today do not have the resources, 
capital, or influence over collaborators as do these prestigious international 
firms. Our intention is to understand how small and medium sized firms with 
a strong presence in their region can leverage these digital tools to their best 
advantage. 

Through a combination of local outreach and volunteers via the survey, 
we will select several projects to pursue in greater depth. The hallmark of the 
case study evaluation, the triangulation of data from multiple sources, will be 
achieved by interviewing one or more members from each of the three major 
disciplines – architecture, engineering and contracting. By evaluating a sin-
gle project from the professional viewpoint of each of these key design team 
members, we can expect to understand in much greater depth both the suc-
cesses and the failures in communication, how each speciality is being sup-
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ported by the existing software, and what areas are most ripe for improve-
ment. Ideally, there would be a spectrum of project types and sizes included 
to most accurately reflect the existing state of the industry. Each interview 
will take about one hour, conducted in person or via the telephone or Skype. 
We would gather both quantitative and qualitative data during this time. 
Quantitative data would be intended to compare two comparable BIM and 
non-BIM projects, and would include information about the final costs of the 
project, the total time from inception to completion, and man hours on each 
project. Qualitative data would include gathering information regarding how 
the interviewee felt that the design process was altered, the overall efficacy 
of the software, and the pros and cons to BIM implementation. These case 
studies would stand as models for others to use in their own practice. Cur-
rently, we are focused heavily on the design and construction aspect of the 
project. As the case study process develops and evolves, we seek to include 
other major players in the life cycle of a building, potentially including the 
material suppliers, facility management team, and others.  

3.3 CASE STUDY ANALYSIS 

While a case study evaluation of a selection of firms may be useful to simi-
larly sized firms in the region in which those firms are located, the factors 
that impact that area may be too specific to be broadly applicable to other 
locations, states or countries. In pursuit of the best practices for firms in the 
region in which the authors live, this methodology for data collection and 
analysis is regionally specific while broadly applicable. By following the 
methodology as outlined, a firm would be able to evaluate and analyse the 
practices of similarly sized and positioned firms in their area to determine if 
the move to BIM technologies is warranted.  

The ultimate goal of this investigation is to establish a body of regional 
case studies in which firms have successfully implemented BIM technolo-
gies into their practice. By evaluating and understanding how and why each 
one of these firms chose to make the change, how they went about imple-
menting the process, and how it affected their design process with their part-
ner firms, we hope to establish a “best practices” scenario for BIM imple-
mentation. By clearly describing the context in which each firm entered the 
project – including amount of experience with the process, level of coopera-
tion between firms, and the amount of resources available, we will be able to 
uncover the multiple and overlapping factors that eventually lead to success. 
Interview questions will be structured to uncover these contextual factors. 
By conducting multiple interviews examining one built project for each case 
study, we should be able to triangulate the significant, causal relationships. 
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In conclusion, those practitioners wishing to have a controlled and verifi-
able procedure to obtain insight on the potential of their own practice are 
well equipped to do so by following the methodology outlined in this paper. 
If they choose to publish their findings, they will add to a growing body of 
work directed toward understanding the best professional practices in all as-
pects of the building industry. 

4. Academia and the Future Practitioners 

In the past few years, there has been a growing awareness of the disconnect 
between the realities of practice and the academy which is supposed to be 
preparing future practitioners. In 2010, a symposium at Yale School of Ar-
chitecture focused on the issues of digital technology, and BIM in particular 
as an “agent changing the nature of architectural work.” (Deamer, 2011) 

In his 1996 report on the future of architectural education and practice  
Boyer (1996) stated that: “Schools of architecture, to begin with, can no 
longer afford to be strangers in their own settings. They should reach out to 
students in other disciplines, and form scholarly partnerships with other pro-
fessional schools and academic departments. Such partnerships would surely 
enrich campus life, create new opportunities for integrated learning and re-
search, and set the stage for lifelong collaborations with other professions. 
They would also help make a knowledge of architecture and design what it 
should have always been – an essential part of a liberal education for all stu-
dents, not just those in architectural schools.”  

These sentiments ring even truer now than when published over 15 years 
ago. The current educational system for architectural students is not built 
upon supporting the future of practice as it is being impacted by digital de-
sign technologies. Currently, many architecture curricula still operate with 
an inward focus. Architecture schools must, as Boyer suggests, engage other 
disciplines, not only on campus but also beyond. The potential of digital de-
sign tools to foster collaboration amongst various professions provides an 
opportunity for establishing those collaborations in the formative years of 
future practitioners education and training. Besides gaining a better under-
standing of the true influence of digital design technologies on the building 
industry, a tangential goal of this study is to bring to light the impact this 
might have on the academy. In order to train future professionals academics 
must have a better understanding of the current state, as well as future trends, 
of the industry. Following the completion of this assessment of the industry 
the authors plan to turn their focus on the academy and gain a better under-
standing that digital design tools have had on the education of design and 
construction professionals and the yet untapped collaborative potential. 



 DIGITAL INFLUENCES 451 

5. Conclusion and Broader Applicability 

This paper has outlined a methodology for obtaining a more realistic under-
standing of the influence digital design technologies has had on the building 
industry in the decade since the publishing of Refabricating Architecture. 
While aspects of the goals outlined in this seminal manifesto have been im-
plemented, what has been lacking is a wholesale transformation of the build-
ing industry towards fully leveraging digital technologies and integrated 
practices. This study attempts to celebrate the successful shifts that have oc-
curred while also bringing to light the impediments that are still in place that 
restrict further change in the industry. The methodology presented here relies 
on a more regionalized approach of study in order to gain a deeper under-
standing of the subtle nuances impacting the construction industry in a par-
ticular area. The authors feel this more in depth approach will move past 
flashy marketing propaganda and result in a deeper and more useful under-
standing of the potential of digital design tools. This deeper understanding 
will be more useful for those yet to make the shift towards a more integrated 
process. Following their initial study in the Pacific Northwest, the authors 
hope to implement studies in other regions around the United States as well 
as connect with those wishing to perform similar studies in their own region. 
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