
1 INTRODUCTION 
 
This research aims to derive financial, environmen-
tal, and social value from more efficient and effec-
tive design processes. Design processes dispropor-
tionately influence the life cycle value of the 
resulting products (Paulson 1976). Thus, while the 
total cost of design is relatively small, the design 
phase of a project greatly influences total project 
value. Despite major advances in information tech-
nology over the past fifty years, the value per man-
hour expended, Architecture Engineering and Con-
struction (AEC) productivity, actually decreased 
from 1964 to 2003 (United States Department of 
Commerce: Bureau of Labor Statistics 2003). As 
construction project’s final value is most influenced 
by design, the AEC industry can improve value per 
man-hour expended most directly by improving de-
sign processes. 

Design is an aggregation of many information ex-
changes between people within and between organi-
zations. Jin & Levitt’s Virtual Design Team (1996)  
applied this information processing view of the or-
ganization to the AEC industry first described by 
Weber in 1920 (1947) and later adopted by March & 
Simon (1958) and Galbraith (1977). 

Inefficient and ineffective information exchange 
contributes to construction productivity stagnation.   
Information flow on AEC projects is inefficient and 

intermittent (Gallaher et al. 2004). The global AEC 
industry wastes $138 billion annually due to soft-
ware interoperability problems, which comes at the 
expense of meeting financial, environmental, and 
social project goals (Young et al. 2007).     

While poor information exchange reduces a 
project’s total value, the cost of resources required to 
obtain that value is increasing. Buildings consume 
70% of the U.S.’s electricity, 40% of raw materials, 
and 12% of water (United States Green Building 
Council 2007). Exploding population growth will 
require more building which requires more re-
sources, increasing their relative cost. More build-
ings increase society’s negative impact on the envi-
ronment. As populations expand and population 
density increases, a single project impacts more 
stakeholders. The AEC industry has a responsibility 
to improve design processes to ensure limited re-
sources are applied optimally with respect to finan-
cial, social, and environmental value.   

Using case studies, Section 2 explains that colla-
borating, sharing, and understanding problems inhi-
bit this design process improvement. Collectively, 
this research defines collaborating, sharing, and un-
derstanding, design processes communication. This 
paper extracts findings from Organizational Science, 
Human Computer Interaction, and Process Modeling 
research fields. It links these findings to develop a 
Design Process Communication Methodology that 
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specifies an organizational and technological envi-
ronment necessary for improving the efficiency and 
effectiveness of design processes. The paper then de-
scribes a tool derived from this methodology, de-
scribes metrics for validation, and briefly describes 
preliminary results from using the methodology. 

2 OBSERVED PROBLEM 

This section uses the design of the Stanford Gradu-
ate School of Business (GSB) campus to provide ex-
amples of challenges faced by multi-disciplinary de-
sign teams. As structural engineer on this project, the 
first author gathered design process information di-
rectly and through interviews.  

2.1 Designers struggle to collaborate 

When designing the GSB, researchers identified six 
discrete stakeholder groups with 29 project goals. 
The design team evaluated seven mechanical heat-
ing/cooling options with respect to numerous stake-
holder goals. They divided one building into five dif-
ferent zones and assigned five of the seven 
mechanical options to these zones. The team created 
a decision matrix that showed the under floor distri-
bution system is the best choice. However, floor 
plans communicated to owner representatives 
showed that in many cases other options prevailed.  
Predicting how multiple options perform with re-
spect to multiple goals in different contexts required 
the design team to synthesize information from mul-
tiple tools that output multiple measurements.  

The result of this informal and inconsistent 
process caused the owner representatives to “feel 
lost with so many options for the mechanical sys-
tem.” The representatives described the decision as 
“mixed and unclear” with “a lot of data.” The repre-
sentatives “expressed their concern about inequity in 
the mechanical system decision, specifically the po-
tential inequity between faculty offices.” The owners 
did not understand how to interpret the data with re-
spect to stakeholder goals. The representatives also 
felt they “need more data” for “stronger justifica-
tion” of the mechanical system decisions. The design 
process was not sufficiently transparent such that the 
owners found the design team’s recommendation 
convincing. 

Comprehending this decision was too complex 
just within mechanical engineering. In reality, the 
decisions also impacted acoustics, lighting, and 
structural engineering. With current tools, both the 
owners and designers did not systematically consider 
the complex impacts of one decision on multiple 
disciplines. The multi-disciplinary design team did 
not maintain consistency among information. The 
design team struggled to comprehend and manage 

their information dependencies; they struggled to 
collaborate within the project team. 

2.2 Project teams struggle to share processes 

The stakeholders communicated the importance of 
material responsibility when choosing structural sys-
tems. The structural engineer created schematic Re-
vit Structure models of steel and concrete options. 
The engineering firm had recently purchased Athena, 
software that uses a database to output the environ-
mental impact of building materials. Despite a 3d 
object oriented model (containing a database of 
structural materials and quantities), a database of the 
environmental impacts of those materials, and a de-
sire by the stakeholders to consider material respon-
sibility in their design decision, the structural engi-
neer was unable to find a process for conducting an 
environmental impact analysis comparing the con-
crete and steel options.  
 Several months later, the structural engineer met a 
researcher in California that had worked with the 
Cooperative Research Centre for Construction Inno-
vation in Australia to develop a process for perform-
ing model-based assessments of the environmental 
impact of construction materials. In fact, the research 
centre worked directly with the Australian offices of 
the same engineering company.  
 In this case study, a clear demand for an improved 
process existed in the California office. The engineer 
could not find a design process to compare options 
with respect to stakeholder goals, even though re-
searchers in California and engineers from the same 
company in Australia had already performed this 
process (Tobias & Haymaker 2007). The firm re-
ported using 197 sustainability and 189 structural 
design tools. A 2008 survey (Senescu & Haymaker 
2008) confirmed that project teams struggled to 
share processes across projects. 

2.3 AEC industry struggles to understand processes 

With the goal of informing the design team’s deci-
sion regarding the quantity and size of louvers on the 
south façade of the GSB, daylighting consultants 
created video simulations of sunlight moving across 
a space. Looking to improve the realism of the out-
put, the consultants discovered they could use the 
process described in (Senescu & Haymaker 2008). 
This process was inefficient, no one was developing 
an improved process, and the author could not find 
an improved solution. The consultants’ supervisors, 
software developers, and their clients had no me-
thods for understanding how an improved process 
could increase profits or design quality. Senescu and 
Haymaker (2008) described how an investment of 
$2400 could add $32,400 of value annually for just 
one office. 



 Yet, individual consultants are not incentivized to 
invest time in process improvement. Their tools do 
not track their process (and the resulting inefficien-
cy), place them in a small peer community to im-
prove the process together, nor provide transparent 
access to other processes that could form the basis 
for improvements. Also, managers lack a transparent 
method for understanding the inefficiency and there-
fore, lack a monetary justification for encouraging 
development of alternatives. The AEC industry 
struggles to understand the efficiency and effective-
ness of individual design processes and so, AEC 
professionals cannot make a value proposition for 
improving processes. 

3 RESEARCH TASKS 

The previous section describes challenges to: colla-
borate within projects; share better processes across 
projects; and understand the best opportunities for 
investment in improving processes. To address these 
challenges, the next section aggregates research in 
other fields to develop a specification for a social 
and technical environment for design process com-
munication. This paper hypothesizes that by imple-
menting this environment, the AEC industry can im-
prove the efficiency and effectiveness of design 
processes through better communication. This speci-
fication of the Design Process Communication Me-
thodology is the contribution of this paper. Using 
Agile Software Development (Cohn 2004), the au-
thors use the specification to create a process-based 
information management web tool, the Process Inte-
gration Platform (PIP). The paper discusses prelimi-
nary results from using a PIP prototype, which Se-
nescu & Haymaker (2008) describe in detail.  

4 POINTS OF DEPARTURE 

By aggregating research in Organization Science, 
Human Computer Interaction, and Process Model-
ing, the authors develop the Design Process Com-
munication Methodology. Table 1 describes the spe-
cifications for this methodology. 
 The authors choose the research fields in this sec-
tion, because they each address the obstacles to de-
sign process improvement described in Section 2.  
The authors hypothesize that jointly implemented; 
the specifications will improve design processes as 
defined in Section 6. Admittedly, design processes 
may still improve to some degree even if some spe-
cifications are not implemented and expanding the 
list to include other research fields may in fact im-
prove processes more. The authors selected refer-
ences in this section that are either highly cited in 
design theory research and/or provide strong empiri-
cal evidence for their claims. The authors stopped 

looking at new references when the rate of finding 
unique specifications diminished to near zero. 

4.1 Organization Science 

This paper takes the information processing view of 
the organization, which was first adopted in AEC by 
Jin and Levitt’s Virtual Design Team (1996) to pro-
vide a transparent view of business processes. 

This section first explains why highly interdepen-
dent tasks inhibit process standardization leading to 
the claim that process documentation should be em-
bedded. Research on the Institutions suggests that 
technology should be transparent, social, and shared 
to best allocate human capital and creativity. Institu-
tional research on matrix organizations suggests that 
hierarchically structured information is not suitable 
in AEC. This research leads to the claim that the re-
presentation of information in matrix organizations 
should be transparent and personalized to each indi-
vidual. Finally, Knowledge Management research 
suggests a value proposition for the emergence, 
structuring, and sharing of design process know-
ledge. This research emphasizes the importance of 
embedment of acquisition, transparency of structur-
ing; and socialization of sharing knowledge. 

4.1.1 Coordination without standardization 
Standardization permits coordination when situa-
tions are relatively “stable, repetitive and few 
enough to permit matching of situations with appro-
priate rules” (Thompson 1967). In AEC, the Interna-
tional Alliance for Interoperability (IAI) developed 
Industry Foundation Class (IFC) to standardize data 
schema for describing buildings (International Al-
liance for Interoperability). The Georgia Tech 
Process for Product Modeling (GT-PPM), Integrated 
Delivery Manuals (IDM), and others also depend on 
a standard design process (Lee et al. 2007a, Wix 
2007). The new capabilities of simulation software, 
the complex demands of stakeholders, and the global 
nature of design teams make design processes in-
creasingly complex, dynamic, and performance (not 
precedence) based. March and Simon (1958) argued 
at the time that organizations with variable and un-
predictable situations prevent process standardiza-
tion. Instead, coordination must be achieved by 
“coordination by mutual adjustment,” which “in-
volves the transmission of new information during 
the process of action.” Extrapolating, coordination 
should occur by embedding the process in the hour-
to-hour work of designers rather than by developing 
standard coordination methods. This organization 
science research may explain why such process stan-
dards have been relatively unsuccessful in practice 
and why convergence to a single product model has 
not emerged in AEC. 



4.1.2 Institution Forming 
Institutionalism research explains relationships be-
tween firms and information. Coase (1937) de-
scribed a model for explaining the development of a 
firm versus a market. The open source software in-
stitution does not fit within Coase’s model, and so, 
Benkler (2002) proposes the alternative peer produc-
tion model. Benkler claims that this emerging third 
type of institution “has certain systematic advantages 
over the other two in identifying and allocating hu-
man capital/creativity.” The authors seek a design 
process communication methodology that utilizes 
these advantages to mimic success in the open 
source software industry. 

 Benkler, in describing necessary conditions for 
“information-production and information exchange 
chain” in this peer production model, breaks down 
the “act of communication” into three parts. First, 
someone must create a “humanly meaningful state-
ment.” Second, one must map the statement to a 
“knowledge map,” so its relevance and credibility is 
transparent. Finally, the statement must be shared.   

Berger & Luckmann’s (1967) explanation of the 
firm provides insight as to how Benkler’s peer pro-
duction model could form. Berger & Luckmann ex-
plain that many menial tasks take much effort to 
complete (e.g. lighting case study in Section 2.3). 
They argue that “habitualization” is human nature, 
because it “frees energy” for creative decision mak-
ing and “opens up a foreground for deliberation and 
innovation.”1 Sharing previous processes allows this 
creativity through modular combination of existing 
ideas (Hargadon & Bechky 2006) and reduces the 
burden of redundant activities, so individuals focus 
on  value adding innovation.  

In fact, Berger & Luckmann argue that this habi-
tualization of activities is the reason why institutions 
form.  Organizations can invest in technology to per-
form standard tasks, providing an advantage over the 
sole practitioner. A larger institution which collec-
tively develops more institutional habits can then fo-
cus more on creative endeavors.   

For institutions to exist, “there must be a continu-
ing social situation in which the habitualized actions 
of two or more individuals interlock” (Berger & 
Luckmann 1967).  But what happens when the quan-
tity and diversity of actions and actors is so great that 
these social institutions do not occur naturally? Indi-
viduals in the organization must continuously waste 
energy on activities that from an institutional pers-
pective, seem habitual, but from the perspective of 
the individual are unique. Can technology facilitate 
“social situations” where “individuals interlock” to 

                                                 
1 

Thompson’s standardization refers to collections of informa-

tion exchanges, whereas Berger & Luckmann’s habitualization 

could involve just the habit of performing a single information 

exchange repeatedly. 

create reciprocal typification?2 The authors claim 
that technology is needed to socialize information 
exchange and make typification transparent, so 
communities (i.e. institutions) can form around 
common tasks (i.e. habits). 

4.1.3 Structuring Information for the Matrix 
Programmers in the open-source software movement 
were simultaneously part of Benkler’s peer produc-
tion model and Coase’s more traditional firm. De-
signers will also exist within a peer production mod-
el and the traditional AEC matrix organization. 

Three conditions are necessary for an organiza-
tion to switch to a matrix structure (Davis & Law-
rence 1977). Large design companies generally 
formed matrix organizations, aligned by project, by 
geography and/or by discipline, but the way in which 
they stored information remained hierarchical.  
Companies structured their information according to 
project, discipline, phase, etc. Just as Davis required 
that new conditions required a change in structure, 
the authors analogously argue that changes in the 
conditions of information storage similarly require a 
deconstruction of the typical hierarchical structure of 
information.   

First, information now must serve more than one 
purpose.  A building element object such as a win-
dow must be used for an architectural rendering, for 
a daylighting analysis and for an energy analysis.  
Much effort is exerted to create this window object, 
and so, it no longer belongs to just one project, but 
must be used on multiple projects. For the informa-
tion about the window to be transparent across mul-
tiple project teams, the references to the information 
cannot lie in a single folder; transparency requires a 
non-hierarchical structure. A designer’s view of the 
information should be personalized to its function 
for that designer. 

Second, the time it took to find and share infor-
mation used to be relatively small.  But with in-
creased computer power and increased demand to 
view tradeoffs, information exchange now has a 
relatively high transaction cost. As was shown in the 
collaboration problem example, designers struggle to 
keep information consistent.  Thus, the relationship 
between information should be transparent. 

4.1.4 Knowledge Management 
An organization’s knowledge is a resource (Grant 
1996). In this knowledge-based theory of the firm, 
the organization is a social community that trans-
forms knowledge into economically rewarded prod-
ucts and services (Grant 1996, Khanna et al. 2005). 

                                                 
2
 Whereas habitualization refers to recognition of one’s own 

repetitive tasks, typification is the recognition of other’s ha-

bits.  Reciprocal typification is when two people recognize 

each other’s habits (Baumer & Tomlinson 2006). 



AEC project teams transform knowledge into de-
signs that they then supply to clients to be built.   

Conklin (1996) describes a “project memory sys-
tem” to define this knowledge and make it available 
to others. The project memory system is necessary, 
because organizations lack ability “to represent criti-
cal aspects of what they know.” Like Conklin, the 
authors propose an environment that acts as “an evo-
lutionary stepping stone to organizational memory.”  

Whereas Conklin (1996) generally applies this 
system to capturing knowledge from meetings, this 
paper focuses on capturing design process know-
ledge. The environment tracks information ex-
changes on a project to deduce knowledge about the 
design process to be applied on other projects. Con-
klin’s stepping stone from project to organization 
leads to acquisition of both already existing know-
ledge and new knowledge. 

Once knowledge is acquired, it must be struc-
tured. Hansen et al. (2005) describes two aspects of 
knowledge management: codification and personali-
zation. Codification relies on information technology 
tools to connect people to reusable explicit know-
ledge (Will & Levitt 2008). Personalization relies on 
socialization techniques to link people so they can 
share tacit knowledge. Information Technology can 
provide the general context of knowledge and then, 
point people to individuals or communities that can 
provide more in depth knowledge. The environment 
structures design process knowledge through infor-
mation dependencies and links to people that have 
even more in depth knowledge about the process. 

Knowledge management is not just acquisition 
and structuring (Kreiner 2002). Will & Levitt (2008) 
address the additional importance of the future abili-
ty of others to find the collected knowledge. Sharing 
requires both effective pushing and pulling of the 
collected knowledge. It is this design process know-
ledge sharing that inhibits better processes from 
spreading. 

Notice that these three components (acquiring, 
structuring, and sharing) of knowledge management 
are the same three factors required for Benkler’s peer 
production model. Yet, in Benkler’s model, there is 
minimal if any management. Combining the peer 
production model with knowledge management re-
search provides guidance for developing an envi-
ronment for a self-perpetuating acquiring, structur-
ing, and sharing of design process knowledge with 
minimal if any management. 

4.2 Human Computer Interaction 

The organization science research suggests 
representing information dependencies is valuable. 
Human Computer Interaction (HCI) specifies how to 
facilitate the designer’s interaction with the digital 
representation of the dependencies. Within HCI, the 
emerging branch of Human-Information Interaction 

applies Information Foraging Theory, which itself 
draws on Cognitive Science research (Pirolli 2007).  
Thus, this section starts with Cognitive Science re-
search, including attempts to use cognitive science 
for artificial intelligence. The research calls for per-
sonalized views and recommendations, representa-
tions at different scales, and computable modules. 
Next, the practical implications of Cognitive Science 
are discussed with respect to two branches of HCI: 
human-information interaction and information vi-
sualization. These branches provide insight as to 
how to make the communication environment more 
sharable, usable, scalable, and social. 

4.2.1 Cognitive Science 
Norman (1993) writes “the power of the unaided 
mind is highly overrated…The real powers come 
from devising external aids that enhance cognitive 
abilities.” Can a technical environment enhance de-
signer’s abilities to collaborate, share, and under-
stand? “Solving a problem simply means 
representing it so as to make the solution transpa-
rent” (Simon 1981). To illustrate, Norman presents 
the ticktacktoe game (also called “naughts and 
crosses” and “three in a row”). As a mathematical 
word problem, finding a solution is very difficult, 
but represented graphically in the game ticktacktoe, 
the solution is obvious. Similarly, the graphical re-
presentation of information dependencies may great-
ly impact the ease with which designers collaborate.  

Next, Norman presents several representations of 
airline schedules to demonstrate that the appropriate 
representation depends on the task. Thus, a commu-
nication environment should personalize the repre-
sentation of information according to the user’s task. 

Personalization also is necessary to make infor-
mation dependencies comprehensible. To overcome 
bounded rational (Simon 1969), Minsky (1986) sug-
gests, "It is hard to solve any very complicated prob-
lem without giving essentially full attention, at dif-
ferent times, to different sub-problems." The 
environment must represent information dependen-
cies at different scales by embedding more detailed 
dependencies as sub-processes of more coarse 
processes. This grouping and ordering of dependen-
cies should depend on personalized tasks.  Thus, a 
manager tasked with managing may see a coarse in-
formation dependency graph, whereas a young de-
signer tasked with sizing ductwork would see a very 
detailed dependency graph. 

The above discussion describes human capability 
and suggests methods for developing HCI tailored to 
these capabilities. Programmers have also found 
success developing interactions that mimic the hu-
man brain (Pirolli 2007). For example, Vannevar 
Bush (1945) invented hypertext by explicitly mi-
micking human associative memory. Minsky’s So-
ciety of Mind provides a model of the human brain 
that can be applied to developing effective HCI. In 



the Society of Mind, the mind is made up of sub-
processes called agents. Each agent performs a 
process that requires no intelligence, but collectively 
when joined into a society forms intelligence. The 
environment should track information relationships 
and make individual flows of information both mod-
ular and computable. Also, it is important to keep 
knowledge about the information relationships em-
bedded nearby. That is, the environment should link 
commentary, tool information, and other context di-
rectly to the relationships. 

Minsky also writes, “We can think of a frame as a 
network of nodes and relations…The lower levels 
have many terminals - "slots" that must be filled by 
specific instances or data." During design, the de-
signer populates the frame with project specific in-
formation, but to be reused, it should also be possi-
ble treat the relationships as a shell that can later be 
populated with other project-specific information. In 
reality, these two conditions are two extremes of a 
spectrum. The environment must scale not only 
across levels of detail, but also across levels of de-
sign certainty. From concept design to construction 
the certainty of the final product increases. 

Winograd & Flores (1987) use Minsky’s idea of 
the frame to explain how pattern recognition 
prompts cognition. Whereas Winograd discusses un-
derstanding in the context of linguistics, this paper 
extrapolates to propose that through appropriately 
framing information dependencies, designers can 
gain understanding of design processes. As multiple 
information dependencies and frames of these de-
pendencies develop, patterns emerge, which even-
tually allow the computer to aid the user in under-
standing the design processes. The environment 
should detect patterns between different processes to 
personalize recommendations to the designer. 

4.2.2 Information Interaction and Visualization 
Looking to Pirolli’s (2007) description of informa-
tion foraging theory, this section seeks to find “how 
information environments can best be shaped for 
people.” Information visualization research provides 
methods to achieve this goal. Information visualiza-
tion is the “use of computer-supported, interactive, 
visual representations” of abstract, non-physical data 
to amplify cognition (Card et al. 1999).  

For example, the human eye processes informa-
tion in two ways. Controlled processing, like read-
ing, “is detailed, serial, low capacity, 
slow…conscious” (Card et al. 1999). Automatic 
processing is “superficial, parallel…has high capaci-
ty, is fast, is independent of load, unconscious, and 
characterized by targets ‘popping out’ during 
search.” Therefore, visualizations to aid search and 
pattern detection should use features that can be au-
tomatically processed. Designers will be able to bet-
ter draw meaning from information dependency 
graphs if the graphs use images, fewer nodes, and 

spatial layouts indicative of topology (Card et al. 
1999, Nickerson et al. 2008). Both strategies will 
make the environment more usable. Usability is the 
user’s time, accuracy, and satisfaction in achieving 
their goal (Pirolli 2007). 

The capabilities of the human eye also influence 
information scent – the perceived value of choosing 
a particular path to find information. To promote an 
accurate and intense scent for the designer to find 
useful shared processes, search results should show 
the actual information dependency graphs. Also, the 
environment should track the most useful processes 
and prioritize these processes in search results. 

Heer (2007) extends this finding to show that so-
cial groups will reveal more patterns than the same 
number of individuals. Combining conversation 
threads with visual data analysis helped people to 
explore the information broadly and deeply, suggest-
ing a promising opportunity for supporting collabo-
ration in design activities. The environment should 
allow the community to point to specific locations in 
the graphs to detect patterns socially. 

4.3 Process Modeling 

Process modeling research creates a language for ad-
dressing the three communication problems: colla-
boration, sharing, and understanding. Process model 
research in AEC can be delineated by different views 
of the process or by the objectives of the modeling. 
For example, engineering processes can be viewed 
through conversion, flow, and value generation (Bal-
lard & Koskela 1998). Ballard suggests that transpa-
rency of these views will result in design success 
from the perspective of that view. Wix (2002) ob-
serves that the AEC industry developed generalized 
process models to support new working methods, 
identify gaps in product information models, and in-
form new information models. Process models may 
also aim to facilitate collaboration, share better prac-
tice, or communicate decisions. Though admittedly, 
process modeling research frequently overlaps mul-
tiple objectives, this section first explores process 
models primarily aimed at improving coordination. 
The literature claims models should be embedded, 
distributed, and transparent. Next, the paper dis-
cusses process models aimed at improving automa-
tion. This research recommends models that are per-
sonalized, shared, scalable embedded, and 
computable. 

4.3.1 Coordination 
Narratives (Haymaker et al. 2004) attempt to over-
come the challenges of multi-disciplinary, iterative, 
and unique design processes. Narratives incorporate 
Ballard’s information flow view via information de-
pendency arrows and the conversion view by show-
ing the tool used to transform the information. To 
facilitate coordination Narratives create task-specific 



views of information flow (consistent with the views 
suggested by Norman in Section 4.2.1). To be effec-
tively embedded in the design process, the process 
model should accurately reflect the iterative nature 
of design. Haymaker also expresses the need to faci-
litate coordination by representing the status of in-
formation. That is, process modeling is an embedded 
activity that changes as information changes. 

This embedding permits the design process to be 
quickly and accurately understood by those not in-
volved in the design. The perfect vision of Integrated 
Practice includes “a world where all communication 
throughout the process are clear, concise, open, 
transparent, and trusting: where designers have full 
understanding of the ramifications of their deci-

sions” (Strong 2006). Thus, the process, not just 
product models, should be distributed to the entire 
project team.  The environment should make trans-
parent the information dependent on their decisions. 

4.3.2 Automation 
Understanding how project teams coordinate helps 
in developing automated information flow, so recent 
process modeling efforts aim to support both goals. 
Building on Integrated Practice, the American Insti-
tute of Architects (AIA) released a Working Defini-
tion – Integrated Project Delivery (IPD). The AIA 
committee issued supplemental information empha-
sizing that “Interoperability exists on the human lev-
el through transparent business exchanges” (Ameri-

Table 1. Specifications for a Design Process Communication Methodology 

Characteristic Specifications Reference 

Computable Permit designers to add automation scripts to convert information from one form to another. Haymaker 2006 

Allow simple computing of information representing a high level of detail. Minsky 1986 

Distributed Store all project information on a network. Benkler 2002 

Allow users to find process modules from previous projects. Berger 1967 

Open process to project team, not just product. Strong  2006 

Embedded Information relationships must emerge from designer activities. Thompson 1967 

Track information exchange during the design process. Grant 1996 

Keep lessons learned about the design process close to the representation of the information. Minsky 1986 

Represent iterations in dependency arrows. Haymaker 2004 

Alert designers when iterations are performed with status flags. Haymaker 2004 

Link between process nodes and actual information files or data. Lee 2007 

Modular Break processes into segments of information exchanges. Hargadon 2006 

Allow knowledge to be added with minimal transaction cost. Benkler 2002 

Automate information exchange at a small, modular level. Minsky 1986 

Personalized Organize information differently for different people. Davis 1977 

Associate people with information exchanges. Hansen 2005 

Represent information differently according to the task being performed. Norman 1993 

Aid the designer in depicting patterns in design processes. Winograd 1987 

Scalable Encourage users to reduce the number of nodes per frame by prompting auto-grouping of 
nodes to generate sub-processes. 

Card 1999 

Represent information dependencies at different levels of detail. Minsky 1986 

Represent information throughout time with different levels of certainty. Minsky 1986 

Shared Allow searching of processes via paths of information exchanges. Minsky 1986 

Allow searching across projects. Minsky 1986 

Show search results as information dependency graphs with images and project descrip-
tions. 

Pirolli 2007 

Track the most useful processes and prioritize these processes in search results. Pirolli 2007 

Prioritize search results according to metrics indicating best practice. Wix 2007 

Social Form communities around design processes. Berger 1967 

Allow communication threads to point to specific locations in the graphs. Heer 2007 

Transparent Represent design processes through information exchanges between designers. Jin 1996 

Provide metrics around processes that indicate credibility. Benkler 2002 

Contextualize processes with project information. Benkler 2002 

Inform designers about the typical processes followed by other designers. Berger 1967 

Organize information according a graphical web of information dependency rather than a 
hierarchy where information can only lie in one location. 

Davis 1977 

Alert designers when information that they used changes. Davis 1977 

Make the actual data schema transparent Minsky 1986 

Show designers how much information is dependent on their decisions. Strong 2006 

Provide metrics that allow processes to be compared. Eastman 2007 

Usable Include preview images with files. Card 1999 

Show the relationship in terms of space, not just topology. Nickerson 2008 
   



can Institute of Architects 2007).  The importance of 
associating people with information exchange is ana-
logous to Hansen’s claim that knowledge must be 
personalized, not just codified. 

Consistent with the AIA’s IPD, IDMs aim to pro-
vide a human-readable integrated reference identify-
ing “best practice” design processes and the data 
schemas and information flows necessary to execute 
effective model-based design analyses (International 
Alliance for Interoperability). Similar to Minsky’s 
suggestion for scale, IDMs also aim to track infor-
mation at varying levels of detail. To help identify 
best practice processes, the environment must pro-
mote sharing by using metrics to evaluate processes. 

IDMs build on the work of Eastman who first 
proposed the GT-PPM. GT-PPM stresses the impor-
tance of process models ability to link to information 
used in activities, automatically validate information 
flows, compare different processes, and prompt the 
derivation of a product model– a formal and struc-
tured definition of product information such as 
IFC’s. Lee et al. (2007b) demonstrated the use of 
GT-PPM to improve product data models. Lee et al. 
also identified the need for local variation in process; 
representation of multiple levels of detail; the sup-
port of strategic workflow processes; and support for 
the developmental and evolutionary aspects of prod-
uct development. They argue that product models 
must have a closer linkage with workflow.  

Whereas Lee et al. share the authors’ intuition 
that process models are critical for design integra-
tion, they focus on the use of process models in aid-
ing the development of future product data models. 

The authors do not attempt to develop such a stan-
dard, instead relying on a web of individual interope-
rability solutions, some of which no doubt will 
evolve through Lee and Eastman’s work. Current 
process modeling approaches are formulated at an 
abstract level to define general data exchanges and 
processes, and have limited value as a project-
specific design guidance and management tool.  That 
is, software developers, not designers, use these 
process models, and they are therefore not intended 
to be transparent, usable, and sharable from the 
perspective of the typical designer. This function 
contrasts with Narrator’s focus on designer commu-
nication, but is similar to Geometric Narrator, which 
emphasizes the use of process models to perform 
modular computations on information (Haymaker 
2006).  

5 DESIGN PROCESS COMMUNICATION 
METHODOLOGY 

This section aggregates the points of departure into 
specifications for a social and technical environment 
for design process communication (Table 1). The 
specifications are organized according to ten charac-
teristics. The specifications summarize the Design 
Process Communication Methodology, which lays 
the foundation for managing organizations and de-
veloping tools to foster improved communication. 

Figure 1. Results from validation studies will use these metrics to measure the impact of the Design Process Communication Me-
thodology on efficiency and effectiveness.  These results are hypothetical. 



6 VALIDATION METRICS 

Senescu & Haymaker (2008) describes the Process 
Integration Platform (PIP) developed according to 
the specifications in Table 1. Each specification is 
linked to a PIP software feature via the Agile Devel-
opment Method (Cohn 2004). The authors intend to 
validate the Methodology by measuring the impact 
of PIP on process efficiency and effectiveness. 

By tracking the time spent on value added versus 
non-value added design tasks, the authors determine 
the percentage change in design process efficiency. 
The authors measure effectiveness by evaluating 
whether the designers meet their design goals. Se-
nescu and Haymaker (2008) explain these metrics in 
more detail. The authors will run several design cha-
rettes (Clayton et al. 1998) to obtain data for these 
metrics. Figure 1 shows hypothetical results from the 
planned charettes, which allow the authors to assess 
the impact of the Design Process Communication 
Methodology on Efficiency and Effectiveness.  

The validation will confirm or challenge the theo-
retically-founded specifications derived from the 
points of departure. By tracking users’ use of PIP 
features, the authors will measure the impact of in-
dividual specifications on process efficiency and ef-
fectiveness and correlate changes in efficiency and 
effectiveness with improvements in collaborating, 
sharing, and understanding.  

7 PRELIMINARY RESULTS 

The authors introduced a prototype of PIP to a multi-
disciplinary building analysis class at Stanford Uni-
versity. The student group performed multiple ana-
lyses to decide between atrium options for the GSB 
library design. Rather than using e-mail or a com-
mon folder directory, the students used the prototype 
tool shown in Figure 2 as the primary means for col-
laboration. For example, when the student perform-
ing energy analysis, needed to know how much 
energy would be required for lights, he double 
clicked on the daylighting analysis node to open a 
daylighting sub-process and find the information re-
quired. The energy analysis student then drew an ar-
row to the energy analysis node to represent this de-
pendency.  He then saved the files he created as a 
sub-process beneath the energy analysis node.  This 
exercise proves conceptually that it is possible to 
collaborate via information dependency graphs. 

8 CONCLUSION 

Designers in AEC struggle to collaborate, share, and 
understand. To address these challenges, this paper 
aggregates findings in organizational science, human 
computer interaction and process modeling research 
to develop specifications for a social and technical 
environment, the Design Process Communication 

Figure 2: A multi-disciplinary analysis class at Stanford validated the feasibility of using a process-based information management 
web tool on a design project. This dependency graph shows the highest level view. Each node represents a discipline.  Double click-
ing on the node links the designer to a discipline-specific sub-process with links to information used for design.  



Methodology. The paper explained how efficiency 
and effectiveness metrics are used to evaluate the 
impact of this methodology on design processes. 
Preliminary results show the implementation of the 
social and technical environment is possible.  Future 
research will use the metrics presented to measure 
impact. The findings will either confirm or challenge 
the applicability of this other research to the design 
process communication problems in AEC. 

REFERENCES 

American Institute of Architects. 2007. Integrated project deli-

very - a working definition. McGraw Hill Construction. 

May 15, 2007.  

Ballard, G. & Koskela, L. 1998. On the agenda of design man-

agement research. International Group for Lean Construc-

tion 

Baumer, E. & Tomlinson, B. 2006. Institutionalization through 
reciprocal habitualization and typification. Lecture Notes in 
Computer Science 3825: 122. 

Benkler, Y. 2002. Coase's penguin, or, linux and the nature of 

the firm. Yale Law Journal 112(3): 367-445. 

Berger, P.L. & Luckmann, T. 1967. The social construction of 

reality.  New York: Doubleday. 

Bush, V. 1945. As we may think. The Atlantic Monthly 176. 

Card, S.K., MacKinlay, J.D. & Shnieiderman, B. 1999. Read-

ings in information visualization: Using vision to think.  

San Francisco, CA: Morgan Kaufmann. 

Clayton, M., Kunz, J. & Fischer, M. 1998. The charette test 

method, CIFE Technical Report 120. Stanford University. 

 September 1998.   

http://cife.stanford.edu/online.publications/TR120.pdf. 

Coase, R.H. 1937. The nature of the firm. Economica 4(16): 

386-405. 

Cohn, M. 2004. User stories applied: For agile software de-

velopment.  Redwood City, CA: Addison Wesley Longman 

Publishing Co., Inc. . 

Conklin, J. 1996. Designing organizational memory: Preserving 

intellectual assets in a knowledge economy. Glebe Creek, 

MD: CogNexus Institute. http://cognexus.org/dom.pdf. 

Davis, S.M. & Lawrence, P.R. 1977. Matrix. Addison-Wesley. 

Galbraith, J.R. 1977. Organization design.  Reading, MA: Ad-

dison-Wesley Pub. Co. 

Gallaher, M.P., O'Connor, A.C., Dettbarn, J.L. & Gilday, L.T. 

2004. Cost analysis of inadequate interoperability in the 

U.S. Capital facilities industry. NIST GCR 04-967. Nation-

al Institute of Standards and Technology. August 2004.  

Grant, R.M. 1996. Toward a knowledge-based theory of the 

firm. Strategic Management Journal 17: 109-122. 

Hansen, M.T., Nohria, N. & Tierney, T. 2005. What's your 

strategy for managing knowledge? Knowledge Management 

77(2): 106-16. 

Hargadon, A.B. & Bechky, B.A. 2006. When collections of 

creatives become creative collectives: A field study of prob-

lem solving at work. Organization Science 17(4): 484. 

Haymaker, J., Fischer, M., Kunz, J. & Suter, B. 2004. Engi-

neering test cases to motivate the formalization of an aec 

project model as a directed acyclic graph of views and de-

pendencies. ITCon Journal: 419-441. 

Haymaker, J. 2006. Communicating, integrating and improving 

multidisciplinary design narratives. Second International 

Conference on Design Computing and Cognition. Technic-

al University of Eindhoven, The Netherlands. 635-653. 

International Alliance for Interoperability. Last accessed July 

15, 2008, http://www.iai-international.org/. 

Jin, Y. & Levitt, R.E. 1996. The virtual design team: A compu-

tational model of project organizations. Computational & 

Mathematical Organization Theory 2(3): 171-195. 

Khanna, T., Palepu, K.G. & Sinha, J. 2005. Strategies that fit 

emerging markets. Harvard Business Review 83(6): 63-76. 

Kreiner, K. 2002. Tacit knowledge management: The role of 

artifacts. Library Hi Tech News 6(2): 112-123. 

Lee, G., Sacks, R. & Eastman, C. 2007a. Product data model-

ing using GTPPM -- a case study. Automation in Construc-

tion 16(3): 392-407. 

Lee, G., Eastman, C.M. & Sacks, R. 2007b. Eliciting informa-

tion for product modeling using process modeling. Data & 

Knowledge Engineering 62(2): 292-307. 

March, J.G. & Simon, H.A. 1958. Organizations.  New York, 

NY: John Wiley & Sons Inc. 

Minsky, M. 1986. The society of mind.  New York, NY: Simon 

& Schuster, Inc. 

Nickerson, J.V., Corter, J.E., Tversky, B., Zahner, D. & Rho, 

Y.J. 2008. Diagrams as tools in the design of information 

systems. Design Computing and Cognition. Atlanta, GA  

Norman, D. 1993. The power of representation. Things that 

make us smart: 43-76. 

Paulson, B.C.J. 1976. Designing to reduce construction costs. 

Journal of the Construction Division 102(4): 587-592. 

Pirolli, P. 2007. Information foraging theory: Adaptive interac-

tion with information. Oxford University Press. 

Senescu, R. & Haymaker, J. 2008. Requirements for a process 

integration platform, Social Intelligence Design. San Juan, 

Puerto Rico. 

Simon, H.A. 1969. The sciences of the artificial. MIT Press. 

Simon, H.A. 1981. Cognitive science: The newest science of 

the artificial. Cognitive science 4(1): 33-46. 

Strong, N. 2006. Report on Integrated Practice. American Insti-

tute of Architects.  

Thompson, J.D. 1967. Organizations in action; social science 

bases of administrative theory.  New York: McGraw-Hill. 

Tobias, J. & Haymaker, J. 2007. Model-based LCA on stan-

ford's Green Dorm. International Life Cycle Assessment 

Conference. Portland, Oregon, October 2, 2007. 

United States Department of Commerce: Bureau of Labor Sta-

tistics. 2003. Construction & non-farm labor productivity 

index (1964-2003).  

United States Green Building Council. Last accessed June 

2007, http://www.usgbc.org. 

Weber, M. 1947. The theory of social and economic organiza-

tion.  Glencoe, IL: The Free Press. 

Will, A.J. & Levitt, R.E. 2008. Mobilizing knowledge for in-

ternational projects. 

Winograd, T. & Flores, F. 1987. Understanding computers and 

cognition: A new foundation for design.  Reading, MA: 

Addison-Wesley. 

Wix, J. 2007. Information delivery manual: Guide to compo-

nents and development methods buildingSMART, Norway.  

Young, N., Jr., Jones, S.A. & Bernstein, H.M. 2007. Interope-

rability in the construction industry, SmartMarket Report: 

Design & Construction Intelligence. M. H. Construction.  
 


