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SUMMARY

The building information model (BIM) is assumed to encompass all the required
parameters, constraints, rules and attributes about a design product and process for AEC
practitioners in a way comprehendible by all disciplinary participants sharing the model
and that communicates their goals, needs and intentions, besides communicating design
information. The sockzognitive interactions that occur in the workplace however such
as the negotiation of meaning, argumentation and the active participation oflenultip
communities of practice imply that there are discrepancies between what is exchanged
among participants as design information when sharing a building model and what is
exchanged as goals, needs and possibly conflicting intentions and interests wimgn shar
a common illstructured problem.

The dissertation presents the findings of an ethnographic study that was
conducted with the aim of developing a deep understanding of how design intent is
communicated in BlMenabled practice in the context of an a®ttural project. The
dissertation study was based on the broad questitvat \are the affordances and
limitations that exist in BIMenabled architectural practice in terms of communicating
design intent among teams of designers working in interdisciplicaflaborative
environment8 The study also addressed related issues such as: do the current exchange
mechanisms in BIM convey what design teams really intended? Is there critical design
knowledge resulting from the argumentative process that is notysxhwsing BIM data
exchange capabilities and authoring tools? How is the knowledge that is produced in

internal design thinking sessions, meetings or informal communication transferred to

Xvii



other participants? To what extent should that information be eratieiddthe shared
building model? How effective is a shared building model in practice in terms of
communicating product data, design decisions, tacit knowledge and expertise? To what
extent is it hindered by tool complexity, learning challenges, the meedpress some
forms of communication informally, and the urge to address flexibility in design?

The major conclusions of the dissertation include the following: (1) affordances
and limitations of BIM differ according to individuals, disciplines and comtiam
Affordances included affordances with respect to the tool such as visualization capacity
and parametric flexibility, and affordances with respect to collaboration such as
coordination of information and conflict resolution. Limitations included nmgatibility
among tools, the cost of 3D modeling for participants and teams, the need for
supplementary representations and communication channels, and conceptualization
limitations; (2) the communication of design intent involves not only interdisciglinar
interaction between architects and consultants, but multiple and overlapping communities
of practice that embrace interdisciplinary, intradisciplinary and -disciplinary
interaction, in addition to emergent communities that develop along the couese of
project, focus on specific issues and involve members of different communities, (3) the
BIM model can be described in terms of states that denote the level of its completeness
and correctness andat describe how effective it is in conveying and capguthe intent
of participants in the context of their practices and interactions. These states underscore
issues such as the potentially unconscious design decisions imposed by the rigid structure
of BIM tools, the incorrect modeling of building elementedo inexperience with tools,

the loss or misrepresentation of information among participants due to incompatibilities
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between tools and interoperability problems, the lack of standard conventions for
building elements that facilitate understanding thdorimation needs of other
participants, the partial representation of building model elements for the purpose of
efficiency and reduction of modeling load, the ruling out of some of the underlying
assumptions embedded within modeling or analysis tools,reébaired channels of
communication external to the process of model exchange, and the need for forms of
representation to supplement the BIM model for better conceptualization; (4) the shared
BIM model can be represented partially as a boundary object diffdrent relative
weights and meanings in each design stage and for each community of practice. It
represented a different value for members of different communities; (5) the BIM model
presented an amplification of the participation and reification gsasein the workplace;
multi-membership and mutual recognition among participants belonging to different and
overlapping communities of practice augmented the sense of participation, while the
model provided different values and levels of interpretatianniembers of different
primary and secondary communities of practice through reification; (6) in principle, the
BIM model as a shared repository of information and a boundary object is assumed to
take into account all participation and reification actdati However, the convoluted
meaning making processes, and the goals, needs and intentions eMmembker
communities entail much more interaction patterns that are not necessarily captured in
current BIM systems; and (7) the differences in muémbershps, values of BIM for
different members, participation and reification activities, and the structure of primary
and secondary communities of practice, should all be accounted for in technology

development efforts in the larger population of AEC firms anadfices.
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CHAPTER 1

INTRODUCTION

Building information modeling (BIM) has impacted the way architects and
designers manipulate their designs, both on the individual level and in collaborative
contexts. It hagenerally caused a transformation in the epistemic culture of architectural
practice by introducing machirreadable applications that focus on the richness of
information embedded computationally in designs rather than mere geometry or
presentation. Thisulture is continuously developing new properties for its participants,
resources, and knowledge construction mechanisms. BIM has begun to transform the way
designers formulate their ideas, especially in early ideation phases. This is primarily due
to theconcept of the virtual building and the ability to construct, simulate and test design
environments before constructing them in the real world. This has changed the structure
of the conventional design process, where most design optimization effortstbdigan
the ideation phase rather than later phases, adding more complexity to problem solving in
terms of cognitive processes, and in particular in collaborative environments.

The premise in BlMenabled practice is that effective communication and
collaboration can be achieved by specifying data exchange patterns between multiple
building product models. This is achieved through interoperability, which describes the
need to pass data between software applications to enable the contribution of different
participants and applications to building model data. New patterns of communication of
design knowledge and intent have emerged in architectural practice with the
implementation of these data exchange routines. This has affected how different design
team nembers express and transfer important design information and the reasoning
behind design decisions. This research explores how BIM is influencing the mechanisms

of design intent communication in architectural practice.



1.1 Problem Formulation

The designand development of architectural design projects in collaborative
contexts encompasses a variety of design requirements, decisions, constraints, criteria,
and alternatives. This adds to the project complexity, as the process of managing,
recording and keepg track of all these variables becomes more convoluted. At the same
time, the design process requires efficient planning and control to reduce the effects of
this complexity. The issues of communicating design knowledge among the various
stakeholders irthe design process and keeping track of the thinking process and the
reasoning underlying design decisions have always been a concern in the history of
architectural practice. The premise was that it was not only enough to document design
decisions, but @ it was important to develop the design intent or rationale underlying
those decisions in a collaborative fashion such that it could be accessible by multiple
entities at different phases of the design process for different purposes.

Many researchers oeider that capturing and documenting design intent offers
great support to designers by structuring design problems and affording possibilities and
opportunities for exploration of design alternatives (Guindon et al., 1987; Prabhakar and
Goel, 1998). Sysims that take into account the communication of design intent are
argued to provide a robust basis for reasoning and discussion among designers working
in collaboration. Before introducing digital representations in design, the knowledge
produced and commmicated during the design process was not all formalized. Much of it
rested in the minds of multiple entities in design teams. Design intent was not completely
documented or captured, which resulted in a fcmesuming process of communication
among collabrating design teams to understand each other’s work (Klein, 1993).

A considerable amount of progress has been made on the development of
approaches and systems to represent design intent since the 1970s and 1980s. These
approaches emerged out of differedisciplines. Some efforts focused on basic

observations about the design process (Uliman et al., 1988) while others were concerned



with proposing frameworks and approaches to capture, represent and retrieve design
rationale. A number of important protogg have been developed (Kunz and Rittel,
1970; Fischer et al., 1989; Conklin and Yakemovic, 1991; Lee and Lai, 1991; McCall,
1991; Henderson, 1993; Ramesh and Sengupta, 1995; Brazier et al., 1997; Shipman and
McCall, 1997; Garcia and de Souza, 1997; Chand Goodwin, 1998; Rosenman and
Gero, 1999; Hayes et al. 2001; Brissaud et al., 2003), but only a few design rationale
systems have made it into practical use in industry (Fenves, 2001; Baysal et al., 2004).

The conceptual basis for developing these systeld not stem from one
common approach, but originated from different concepts and perspectives in design
theory, such as situated action (Schon, 1987), symbolic information processing (Simon,
1996), pattern language (Alexander, 1979), wicked problemte(Rnd Weber, 1984),
and others. Rittel and Weber’s (1984) perspective focuses on design as an argumentative
process where different people with different goals and different views of representing a
wicked (or ilkstructured) design problem come to alemiive understanding of
explaining that problem by means of collaboration.

Capturing and recording argumentation has been underscored as beneficial to
architectural design and designers with respect to collaborating with other participants in
the desigras well as communicating with existing artifacts and past designers (Fischer et
al., 1991). Models originally developed to expose the structure of argumentation in the
design process, including issbased information systems (Kunz and Rittel, 1970),
highlighted issues positions andargumentsas the main components of this structure.
Issuesrepresent questions or problems that designers face along the design process.
Positionsare the responses of different participants to these issues, and they are eithe
justified or criticized by means ofirguments Seen in the context of AEC
interdisciplinary practice, each of the participating teams (owner, architectural design
team, structural engineering team, etc.) has its individual and collective issues, position

and arguments to tackle the design problem in hand (figure 1.1).



OWNER /

CLIENT = |
¥ |
A,&:EJST ARCHITECT .
v A \‘, X
2 4/ [ P S
[ : / STRUCTURAL
¥ B/ : | ¥ ENGINEER Tk
e Iy 1 ! 1 . D =
PERFORM. _ A A ! A ooy
ANALYST T PROJECT [ p I s
—— S ARCHITECT *———— \ @
B @ —— 2
P - A PROJECT
7Zd | MANAGER
& a I V4
) N
ARCHITECT . 1 /7 S |
/@ 5
5 MEP
. b
ENGINEER >
) A
aviL/ | ¥
AP 1SSUES y LANDSCAPE s
P POSITIONS A .

¢ *

A ARGUMENTS A

Figure 1.1 Author’s interpretation of Rittel and Weber’s (1984) view of design as an

argumentative process, as seen in AEC interdisciplinary practice

One of the efforts that have made design intent readily accessible to all
participating entities or collaborators in the AEC industry by means of rich
representations is building information modeling (BIM). The claim about BIM was that
all required informton is embedded in a model which can be shared by all collaborators
through repositories and databases, and this model carries all the required parameters,
constraints, rules and attributes about the “design product” in a way comprehendible by
all particpants, and that communicates design knowledge. This was assumed to present a
different method of representing design intent between interdisciplinary teams, where
teams could understand what their collaborators intended, and must respectively attempt
to canmunicate their intent in a way that is comprehendible to others.

In BIM, the process of exchanging data from one design team to the other or
sharing building model data among all participants entails the definition of parameters,

constraints and rules fides the model geometry. This requires the exchange of specific



information and a clear definition of the boundary of the shared space of information. In
the workplace context however, most of the effort lies in the argumentative process
between participats in order to negotiate that boundary in the first place, seen through
designh meetings, informal conversation, and other forms of -ogoitive interaction.

This implies that these participants “exchange” different issues, positions, and arguments
in the process of “sharing” a commonstiructured problem based on their different

views of that problem and possibly conflicting intents (figure 1.2).
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Figure 1.2The gap between data exchange mechanisms in BIM and the argumentative

process in AEC interdciplinary practice

According to Fischer et al. (1991), if a system or process were developed to
record or expose the structure of this argumentation, the communication of design intent
between these different participants will be facilitated. To theoalstknowledge, there
is no comprehensive effort that has yet identified the gap between (1) the capabilities of
data exchange mechanisms in BIM, as a process that offers rich representations, in

exposing argumentation structures among AEC design teanksng/an collaboration;



and (2) what these teams require in practice with respect to communicating their views,
needs, issues, positions and arguments. Studies that address AEC collaboration in BIM
and interoperability focus on developing systems for desmgprdination using process
management and database transactions (Kim et al., 1997; Jeng and Eastman, 1998; Kalay,
1998; Jeng, 1999; Jeng and Eastman, 1999), embedding intelligence in BIM models by
means of IFC development (Pham and Dawson, 2003; HalfawlyFaoese, 2002),
information delivery manual (IDM) specifications for accurate exchange of demain
specific information (Eastman et al.,, 2010; Aram et al., 2010), and other approaches.
These approaches focus on specific datasets of information for exdhetmggen AEC
practitioners, taking into consideration the conceptual framework of their different
disciplines, and highlight interdisciplinary collaboration between those disciplines. They
do not investigate however into the mechanisms of interaction éetmembers of each

of the different disciplines during their dég-day communication, exchange of ideas and
design development practices. Other studies (Ardhelaa et al., 2008b; Gu et al., 2008;
Hartmann et al., 2009; McGraw Hill, 2009) use case stughelssurveys to gain insight

into the practices of AEC practitioners and their expectations regarding adopting BIM.
Although these studies provide some feedback as to the mechanisms of interaction within
AEC firms, they do not fully describe how soaogritive aspects of interaction take
place incommunities of practic@NVenger, 1998), and whether the expectations, goals,
intentions and needs of members of different communities, that embrace often conflicting

interests, are met in BIM workflows, procesaesl tools to date.

1.2 Research Questions

The broad question that still remains unanswered is:
What are the affordances and limitations that exist in #ifMbled architectural practice
in terms of communicating design intent among teams of designers working in

interdisciplinary collaborative environments?



To answer this and other questions, th&eech is concerned with examining the
nature of argumentation and negotiation in the growing BHdbled architectural
practice. To understand how this takes place, it is crucial to study the different AEC
teams and participants and their issues, posit@oa arguments throughout design phases
in the real world; i.e. in the workplace, and not just studying design activities taken out of
context. In doing so, the study attempts to address the following questions, and will
continue to address other questi@enerated along the course of the observation:

1. To what extent does BIM provide an effective method for communicating
design intent? Under what circumstances is design intent fully captured and
represented in BIM? Which aspects are important to capturevaich are
irrelevant?

2. What are the affordances and constraints that currently exist ireBHWled
practice, seen through the process of argumentation and negotiation of ideas in
design thinking and discussion sessions, informal conversation and meeting
sessions?

3. Do the current data exchange capabilities in BIM provide a method for
exposing argumentation structures and capturing design intent between
interdisciplinary teams? Do they convey what design teams really intended?

4. Is there critical design knowdge resulting from the argumentative process
that is not conveyed using BIM data exchange capabilities and authoring
tools?

5. How is the knowledge that is produced in internal design thinking sessions,
meetings or informal communication transferred to otparticipants? To
what extent should that information be embedded in the shared building
model?

6. How effective is a shared building model in practice in terms of

communicating product data, design decisions, tacit knowledge and expertise?



To what extent istihindered by tool complexity, learning challenges, the need
to express some forms of communication informally, and the urge to address

flexibility in design?

1.3 Research Goals and Objectives

The main goal of the dissertation research is to explore h@mgrdentent is
communicated among AEC design teams within the context ofd&iébled practice.

This goal entails exploring the goals and needs of AEC teams in practice in terms of
communicating their issues, positions and arguments, and observing thenisrashaf

BIM information exchange and interoperability. This is achieved through the following
objectives. The first objective involves the investigation of systems, work routines, and
information exchange mechanisms that support the capture, representatio
communication, documentation and retrieval of design intent and design knowledge
across team structures, tools and representations. As the dissertation study takes place in
the context of architectural practice, it implies observing the interactionaiadboration
mechanisms with other parties including clients and AEC teams. The second objective is
concerned with exploring the nature of collaboration and interaction within firms and
identifying what different teams or communities of practice requirea¢complish
effective collaboration both within their specific domains and with other disciplines.

The third objective involves understanding the concepts of BIM and
interoperability, and exploring what they offer to collaboration routines, and where they
belong in relation to the spectrum of systems developed for communicating design intent.
The main focus here, which emerges throughout the study, is identifying the affordances
and limitations in these technologies, specifically what BIM might lack imgeof
supporting argumentation structures and interaction within and across disciplines. The
fourth objective is concerned with identifying patterns of argumentation, negotiation of

ideas, work routines, and interaction mechanisms that take place amagg fEesn



members in BIMenabled practice in the context of a realrld project. This requires a
long-term observation of the practices that occur in the workplace, and not just a quick
survey of a group of firms, in order to capture the essence of mberacnong teams and

how they communicate design intent in BIM.

1.4 Description of Study

The dissertation research was primarily concerned with examining the nature of
argumentation and negotiation in the growing Békabled architectural practice. To
undestand how this takes place, a study was conducted to study how AEC participants,
residing in differentommunities of practic@Venger, 1998), used the shared BIM model
in the workplace. This study involved a leteym observation of the practices and
interactions of its participants in the context of an architectural project in AEC filmas.
process of selecting candidate firms for this study relied on two sources: 1) The “Building
Design + Construction” (BD+C) Annual Giants 300 List, and 2) The Gelsmalices
Administration (GSA) Nationwide BIM Services Indefinite Delivery Indefinite Quantity
(IDIQ) Contract Awards. After reviewing architectural firms from both sources, the
selection process involved further criteria including the size of the firratidot types of
services, specialty and area of expertise, scale of projects, type of projects, number of
staff, availability of BIM projects, and the structure of the firm. For the purpose of this
study, one firm was selected.

This study focuses on a dé¢a observation of a single architectural project. This
will be referred to as the SG project. The selection of the project depended on a number
of factors, such as the availability and nature of BIM projects within the firm and other
participating discipnes, the scope and level of detail of BIM implementation in each
discipline, the nature and method of collaboration and communication between teams,
and othersThe study was conducted over the course of 8 months which was the duration

of the SG projecstarting from schematic design through construction documents.



The SG project was a three storey 80000 square foot technical college medical
technology building. It included lecture spaces such as auditoriums and classrooms,
laboratory spaces such as cleny and biology labs, physical therapy, dental,
opticianary, nuclear medicine and radiation therapy labs, public circulation and lobby
spaces, and service spaces. Two major incidents affected the project workflow and design
decisions. Due to market cinmistances and the economy of construction, the
architectural team projected that the client colddy* more building at that point of
time, implying that the 80000 square foot program of the building could potentially and
easily grow to be a 100000 squdo®t program with no increase in funding allocated
from the state. After being encouraged by the client and facilities group to increase the
square footage by 20000 square feet, and after the team was almost 95% through with the
program and with schematitesign, the state office of planning and budget informed the
client and the team that they were not allowed to exceed the approved square footage.
There was a 2 months setback along this review process where the team stopped working
on the project awaitinghe final decision. Following that, the program and mass of the
building had to be revised by the team with the client and technical college system. At the
beginning of design development, the client (head of the university) stepped down and
the new cliehmade substantial changes to what he preferred as the form and look of the
building. Instead of a traditional approach that the team had worked on throughout
schematic design, the new head of university preferred a modern look and approach for
the buildirg. This again affected the design and workflow process.

The main disciplinary participants in this study included the architectural firm, a
structural engineering firm, an MEP (mechanical engineering plumbing) firm, a civil and
landscape firm, and an ¥/(audiovisual) firm,in addition to two cost estimation teams
and one sustainability analysis teafme architectural firm is specialized in the design,

programming and master planning of architectural projects including museums, arts
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centers, governmeriuildings, laboratories, corporate headquarters, education facilities
and conference facilities.

During the observation, the main members of the architectural team included a
project architect (Al), a project manager (A2), one interior designer (A3)jntera
architect (A4), and one architect (A5). The architectural team members were working
under the supervision of one principal architect (P1) who was in charge of the main
design decisions in the project. Of the team members, three were female andrevo w
male; the principal architect was male. One of the architects (A5) joined halfway through
the project, in the design development phase. Apart from the architectural team, a
laboratory designer was assisting the team concerning programmatic requineiatets
to medical technology buildings. -llouse consultants in the firm who were directly
involved in this project included a sustainability analyst (E1) and a cost estimator (C1).
There were also two architects fully dedicated to technical suppotylarBnager (B1)
and a BIM specialist and staff architect (B2).

The main members of the structural team included a project manager (S1) and a
lead structural engineer (S2). The structural team members were working under the
supervision of a senior principahose main task was to oversee the project and review
the progress periodically. All team members were male. Apart from the structural team,
another structural engineer (S3) was fully dedicated to technical support on this project
with respect to the BIMool that the firm used (Revit Structure).

The main members of the mechanical/HVAC department included a project
manager (M3) and one mechanical engineer (M4) who had joined halfway through the
project. The plumbing department included a project managé) and a plumbing
engineer. The electrical department included a project manager (M2) and an electrical
engineer (M6). The project manager in the electrical department (M2) was the primary
point of contact and project manager representing the MEP tedteaAl members were

male. Apart from the MEP team, the firm had hired an architect (M5) who was fully
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dedicated to technical support on this project with respect to the BIM tool that the firm
used (Revit MEP). The main members of the A/V team includeajaqbrdirector (V1)

and one lead A/V engineer (V3). Both team members were male. Apart from the A/V
team, the director of A/V design oversees the engineering department and handles
technical issues (V2). He is also a CAD and BIM tool expert. The main mermbéhe

civil and landscape team included a senior engineer (L1), a project manager (L2) and two
drafters. All team members were male.

The dissertation is organized into 8 chapters including the introduction chapter.
Chapter 2 presentsraview of suppdaing literature Chapter Joresents the main methods
employed in the dissertation, including an overview of ethnographic research and its
significance, grounded theory coding and analysis, persona and thick description
literature and significance, result reliability and verificatiand relevance to research in
BIM and the AEC industry. Rapter 4introduces the main personas that were identified
in the study based on their salient features related to the research quéitapter 5
presents the types of interaction that weretified in the study in the form of specific
events related to the research inquiry, including interdisciplinary, intradisciplinary and
nondisciplinary interaction. Chapter 6 discusses the BIM shared project model in light of
the findings of the study byevisiting different interfaces of interaction among its
participants and team&hapter 7 discusses thesearch observations in the larger context
of BIM-enabled practice to provide a basis for transferability to other contexts or settings.
Chapter 8 corludes by summarizing the research study and discussing recommendations

and future work.
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CHAPTER 2

LITERATURE REVIEW

This chapter provides a literature review of topics related to the basic inquiry of
the research. Section 2.1 presents an overview of building information modeling (BIM),
introducing its main concepts, properties and applications in practice. It alsgsgiscu
how the literature describes BIM support for interdisciplinary collaboration and
interoperability. Section 2.2 discusses literature related to design intent research. The
main concepts and interpretations of design intent are introduced, followée Inyain
cognitive and social dimensions of design intent in the literature and how CAD and BIM

systems support communication of design intent to date.

2.1 Building Information Modeling

2.1.1 Definitions and Views

Definitions of building information modelg (BIM) in industry vary by discipline
or profession. It is sometimes seen as a design and information documentation process,
sometimes it is viewed as just a tool, while others may see it as a totally new approach in
the architecture, engineering and staction practice which aims at advancing the
profession and would thus require a transformation in the way policies, contracts and
relationships are conventionally established (Arakdma et al., 2008a). The term
building information modelinghas emergé through a succession of synonymous
concepts like object oriented modeling, project modeling, virtual design and construction,
virtual building, virtual prototyping, integrated project databases and others. Definitions
have been proposed for the term adawg to one of those concepts or views.

Gann et al. (1996) refer to the concept of a single project database to which all

participants refer throughout the whole design, construction, operation and maintenance.
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Fisher et al. (1997) describe the term pobjmodeling as object modeling that is applied
to a design project and carries information that is more than mere geometry. Salford
University proposed the term nD model as an extension of the building information
model to comprise aspects of informatitrat are needed at each phase of a project
lifecycle (Construct IT, 2002). The latest term “building information modeling” became
popular upon Jerry Laiserin’s definition which highlighted the capability of using,
reusing and exchanging information. He dmpized the concepts of clear
communication, maintaining design intent, and having the advantage of higher analytic
tools rather than just rendering or exchanging electronic versions of paper documents.
Subsequent definitions shared the concept of BlMaadigital representation of the
building. The buildingSMART (2011) organization views BIM as a digital representation
of physical and functional characteristics of a facility, which is a resource of shared
knowledge that introduces a reliable foundation design decisions during the facility
lifecycle. The Contractors’ Guide to BIM (AGC, 2006) extends this definition within the
notion of virtual design and construction (VDC) to describe BIM as arddtaobject
oriented, intelligent and parametric dajitepresentation of the facility from which views
and information suitable to multiple users can be extracted and analyzed.

Succar et al. (2007) argued for the emerging and revolutionary role of BIM in
practice, as it produces a technological and proe¢ghift that affects all participants in
the AEC industry. They also highlight the interaction between processes, technologies
and policies that takes place in BIM to generate a consistent methodology that manages
design and project information throughautouilding lifecycle. At the same time, they
point out the issues related to semantics, meaning and interpretation that result from the

engagement of multiple participants in the process.
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2.1.2 Transformation from CAD to BIM

Design concepts and infortman were conventionally exchanged among different
stakeholders and captured using notes, sketches and physical models, and were validated
by means of client meetings and design brief development. Computers were used at late
design phases for documentatfmrposes following the approval of clients for a selected
design scheme. 2D CAD presented a method for drafting which replicated manual
drawing techniques, such as plans, elevations, cross sections and perspectives, which had
existed long before computevgere invented. CAD tools only supported conventional
methods and added very little to designers’ capabilifibe. knowledge of the average,
and often experienced, user of basic tool functionalities and of the design tasks did not
necessarily guarantee agfficient communication of design information to other
participants (Bhavnani and John, 200@ubsequent versions of CAD tools only
enhanced and extended the technology behind earlier versions, but features remained
similar. Communicating design inforni@at among various stakeholders in the design
process remained nearly analogous to the case before computers. As information from
schematic design models was exported to standard CAD file formats, the time consuming
and error prone process in the transitiordetailed phases of design resulted in a clear
disconnection between schematic and detailed design models. During this transition,
some building information and design intent that is captured in the schematic phases is
lost in later phases. This presesitchallenges for the future of CAD tools, especially
when design models and drawings were modified and synchronized among design teams
from multiple disciplines.

Introducing BIM began to impact the way architects approach their designs.
Machinereadable pplication in BIM do not just focus on geometry or complexity of
shape, but more on the richness of information which can be computationally embedded
in the design. Concerns became no longer how to present an idea using catehy hand

drafted or computedrated perspectives. More concern was about the amount of
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completeness of embedded knowledge in a design and the degree of precision in
representing every detail in the design beforehand. BIM incorporates parametric
modeling as a powerful tool for visualizami and analysis, where architects define
parameters and ruleased constraints to generate multiple design variations that can then
be modified and evaluated (Aish and Woodbury, 2005; Anderl and Mendgen, 1996).
BIM tools extend to the construction and fightion industry, so that design is no longer
separate as a process from implementation. BIM has also been increasingly used in the
early concept design phase to explore different ideas and alternatives (Khemlani, 2006).
The evaluation of designs in BIM t@mes judged not according to which 3D
views are captured, what skill is used or what kind of representational technique is
implemented, but rather on the full and complete representation of every element in the
building. A full performance simulation arahalysis of any building can be performed
using BIM throughout the process in a more frequent and less time consuming fashion,
with design modifications taken into account. The simultaneous coordination among
different stakeholders is claimed to reducetlgagvisions and errors, while updating the
required documentation at any phase in the process. The level of validation and analysis
provided by BIM capabilities opens a paradigm for architectural firms that is radically
different from the drafting paragin and allows for a more comprehensive and
informative exploration of design ideas and alternatives. The advantage is that this
validation process can commence at early design phases, where many parameters are still
undecided. More importantly, designerancwork between conceptual phases and

detailed phases with no disconnection or separation, while maintaining design intent.

2.1.3 Interoperability and Interdisciplinarity in BIM

Collaboration in the AEC industry typically involves the communication and
coordination between multiple professionals and specialists, including architects and

engineers from different disciplines in order to execute a certain project. In the literature,
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there are different ways to describe an activity where multiple disciplines are involved. In
the AEC industry, challenges to interdisciplinarity traditionally emerged due to
specialization, where each discipline working on the same project employed igsrayn

of practices, concepts, methods and tools. Workflows and tools in traditional CAD
practices represented only a replacement of the existing trend, which focused on the
exchange of drawings to describe design intent. In terms of collaboration, @schibe
engineers rarely relied on using each other’s work directly. Only basic information from
CAD drawings was exchanged, and this information was used for reference only.

With the introduction of BIM to the industry, new methods and processes were
deweloped that might be affecting the nature of interdisciplinary collaboration. Integrated
project delivery (AIA California Council, 2007) emerged as one of these methods. The
rhetoric around this method is that it does affect the nature of interdisciplinary
collaboration in the industry. It aims to integrate participants, practices, systems and
business structures into a process that captures the skills and feedback of all participants
with the goal of maximizing efficiency throughout the project lifecyelganding value
to the project owner, and optimizing end results. This is to be achieved through the early
collective contribution of expertise from different domains. By contrast with CAD, the
claim with communication in BIMenabled practice is that it deesigned to take place at
the model level, where the information in a 3D BIM model becomes available and ready
for exchange to all participants.

One of the main strengths that BIM advocates envision in practice is the
accomplishment of effective knowledgeommunication in the interdisciplinary
collaboration process that occurs between different AEC disciplines and participants. The
premise in BIMenabled practice is that this knowledge communication can be achieved
by specifying data exchange patterns lestaw multiple building product models. This is
achieved through interoperability, which describes the need to pass data between

software applications to enable the contribution of different participants and applications
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to building model data. Interoperatyl was previously based on propriety file exchange
formats. This limited users to single platforms, limited the possibilities of accurate
information exchange among applications, introduced a lot of ambiguity, and more
importantly lacked a comprehensivepresentation and interpretation of design intent
between different collaborators. This presented efficiency challenges, where designers
would waste a lot of time to explicitly express design intent or engage in studying a large
amount of past documentsdcadrawings to understand what was done, why it was done,
and how it was communicated. In this mode of communication, very difficult and tedious
methods were used for the management, recording and organizing of design knowledge
and intent across interdistifpary teams in the design process.

Some early efforts towards the development of BIM were mainly concerned with
a clear understanding and support of collaborative architectural design processes. These
efforts directly informed the issue of sharing builglimodels for the purpose of effective
information exchange between multidisciplinary teams. Kim et al’s (1997) ID’EST
project showed how a CAD model could be mapped on to a product database using STEP
technology to enable data analysis by multiple evmpatools to test its design
performance. Kalay’'s (1998) P3 project argued that collaboration works best when
specialists adopt a “supparadigm” to achieve a common goal for the whole project,
rather than merely considering their own objectives. Easandnleng’s (1999) EDM\
project aimed at maintaining multiple disciplinary views of a core building model to
enable simultaneous access while still maintaining the integrity of the data. Jeng and
Eastman (1999) devise a process management module witpirodact modeling
environment to support design concurrency and collaboration, allowing for the
integration, scheduling and coordination of a wide range of design activities, and
increasing overall productivity and efficiency of the collaborative desigoesso

In order to overcome the problem of proprietary formats that exist in modeling

applications of different disciplines, software vendors developed different approaches in
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an attempt to facilitate the exchange of data across participants. These include exchange
through asingle platform direct interfacesor through acommon languagéVéarkonyi,
2009). In the single platform approach, proprietary file format data exchangesocc
among a suite of AEC modeling applications that are developed by one software vendor.
This might be convenient for collaboration among participants using this particular suite
of tools, but becomes impractical and inefficient for communication betamggitations
from other vendors. The direct interface approach uses links between different
applications, where one application uses the API (application programming interface) of
the other. This also requires some effort in terms of software developntentoakflow
organization, and is dependent on business relationships between multiple vendors. These
two approaches present a challenge for architects and engineers in terms of linking their
collaboration to partnering vendors that share a common famtlyots. In most cases,
only large AEC firms can make use of these approaches, as they comprise most of the
required disciplines for project delivery-lmouse within the firm. The larger percentage
however of architectural firms has a different structungl Bequires collaboration with
diverse specialists from different disciplines. Each participating discipline has
preferences for a unique set of methods and tools that matches its particular needs.

The common language approach adopts an open and neutm@hproprietary
model format, known as the industry foundation classes (IFC) which was developed by
the International Alliance for Interoperability (1Al), building on research in product data
modeling. Such an approach supports collaboration betweerrediffg@articipants
through a kind of universal communication platform. The main advantage of a neutral
IFC file is the ability to directly communicate and retrieve building model data across
different applications that can import and export these gendes. fBy providing
domainspecific model views, the IFC exchange format allows for a smooth workflow
and information exchange process between the architect and participants from other AEC

disciplines, as each participant can access subsets of data tbatirdezest to his/her
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discipline. This mode of information exchange was believed to generate effective
methods of communicating design intent between teams of designers.

Since its development as a neutral format for data exchange, there have been
severalcritiques in the literature of IFC and the related building modeling approach for
collaboration support and interoperability. Halfawy and Froese (2002) suggested several
strategies and directions for IFC development, particularly focusing on embedding more
intelligence into the models. Pham and Dawson (2003) show how the transfer of
information in a typical building project is a complex process, and demonstrate the need
to precisely comprehend how information can be captured effectively. On the other hand,
some critiques (Kalay, 1998; Lee and Gilleard, 2002; Kam and Fischer, 2004) point out
the issue of management of decisimaking when multiple specialists and experts are
involved in the process and have conflicting design proposals. They each propose a
computerbased tool to support the process.

Eastman et al. (2010) view the IFC schema as necessary but not sufficient to
achieve full interoperability between BIM tools. By means of use cases and information
delivery manuals (IDM), they expand the breadtd &#exibility of the IFC schema and
provide a well structured level of detail and well defined specification contents for each
information exchange between engineering disciplines to avoid errors in translation.
Aram et al. (2010) also propose a prognessnethod to develop IDMs using exchange
models (EMs) and exchange objects (EOs) to provide the information content to be
exchanged between users and BIM software applications. The BIM Collaboration Format
(BCF, 2010) cedeveloped by Solibri and Tekla coeampes is an open standard that
enables workflow communication between BHJthoring tools. Using BCF, architects
and AEC consultants can share aspects of the interaction that are not only model elements
but extend to include messages, action items, viewgaind snapshots of certain model

components for virtual discussion. These are integrated in theaBtNbring tool so that
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whoever receives the file is able to locate the sent components and see them from the
same viewpoint established by the sender.

Added to the complexity of conflicting roles of experts, phases in BIM are
restructured and compressed such that design is no longer separate as a process from
implementation. BIM has begun to transform the way designers formulate their design
ideas, especip in the early conceptual phases. This is primarily due to the concept of
the virtual building and the ability to construct, simulate and test design environments
before constructing them in the real world. This has led theoretically to a transformation
in the structure of the conventional design process.

Studying BIM in a collaborative context thus requires exploring many factors
related to data exchange and interoperability. On the one hand, building models
encompass a broader range of data that carsdx to infer detailed information related
to the cognitive activities and processes of the different social participants involved in
producing a specific model, and possibly design intent. In this context, the building
model can be seen as a semanticafigralesign sketchepresenting a growing pool of
embedded design concepts shared by these participants. On the other hand, introducing
and transferring the tacit knowledge of participants in the process should enrich the
collaborative process. The extractiof knowledge that is not readily documented, more
intuitive in nature, and based on experiences or instincts, makes it more difficult to codify
and transfer among collaborators.

Seletsky (2006) points out the importance of extracting and introducaily ta
knowledge to the AEC industry. Project information is often tacitly updated and
elaborated in the minds of participants in the process, depending on their individual
expertise. At the same time, information has to be exchanged on a frequent bagis due t
the large number of involved stakeholders. A more effective and rich model of
collaboration in BIMenabled practice would thus integrate and combine two kinds of

knowledge: (1) the virtual embodiment of explicit knowledge pertaining to all design and
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corstruction methodologies transferred in the collaboration process, (2) the tacit

knowledge of design which usually resides in the minds of architects and other AEC

participants. It then becomes more crucial to study these interactions and knowledge
producirg mechanisms situated in real world collaborative contexts; i.e. in the workplace,

and not just studying design activities taken out of context, in order to have a more clear
idea of how design intent is communicated in Béiiabled practice.

The differentclaims about approaches to integrated project delivery and how it
facilitates the exchange of design information represent an ideal view of BIM. Whether
this is practically taking place in practice or not still remains an open question. The
dissertation aempts to investigate current issues in practice, the nature of those issues
and how they align with prospects of integrated project delivery in order to address more

effective interdisciplinarity.

2.1.4 Studying BIM in Practice

BIM-enabled design and ptae is a growing area, however research in this area
is in its beginnings. | present a few example studies that are have aimed at exploring BIM
techniques and capabilities in practice, and how their approaches are relevant to the
objectives of the studwyithis research. Eastman et al. (2008) introduced 10 selected case
studies of projects that implemented BIM. The projects were at different stages of the
facility delivery process, together covering the use of BIM across all phases, and
representing a vaiy of building types. The studies underscored the challenges and
lessons learned by applying BIM tools and processes through the experiences of teams of
BIM pioneers as owners, architects, engineers, contractors, fabricators, and construction
crews. Thesease studies mostly implemented short term interviewing orbasbd data
collection to provide a full and quick understanding of the main modeling, simulation and

analysis tools used, data exchange patterns, challenges and lessons learned by using BIM
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in specific projects. This was done via a post facto evaluation of these projects, and did
not involve any observation of practices in the workplace.

The results however provided useful insight into BIM capabilities and an
overview of different approache® tthe collaboration and communication process
between different stakeholders in different design and construction phases. Each study
demonstrated ways by which design teams collaboratively used the available BIM tools
to obtain maximum benefit. One of thasic findings in these case studies was the fact
that no single project had identified or captured all or even a large portion of the benefits
that BIM potentially offers. This provides some insight about the nature ofeBiabled
practice in terms of hows many benefits are actually realized in +&akld contexts. It
also gives way to further investigation in the workplace regarding detailed mechanisms of
how BIM is being used to achieve these benefits.

ArandaMena et al. (2008a) explore existingsmess drivers for adopting BIM by
AEC consultants through five selected case study projects that involve collaboration and
sharing of BIM data between two or more stakeholders. Their study focuses primarily on
the challenges and benefits for architectarad engineering consultants, contractors and
steel fabricators. By means of a cross case study comparative analysis and examination of
a set of theoretical propositions based on interviewing and discussion, this study
introduces a group of categories teth to the implementation of BIM in practice,
including collaboration, efficiency, design functionality, resources, alignment and others,
and proposes some initiatives for each category based on the level of agreement with the
study propositions. As basitindings, the study highlights the importance of the
proposition that BIM improves information flow, management and sharing as one of the
strongest propositions that emerged from the collected data. This study develops a
business case framework for adogtBIM in practice, and describes its objectives and a
set of operational, technical and business outcomes based on the results of the case

studies. It does not go further in detail to describe the properties and dimensions of each
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of the discussed categesior the mechanisms and social interactions that occur, let alone

the nature of communication of design intent that takes place between the different AEC
participants in the case studies. It sets ground however for further exploration of
categories of pmemena that may emerge from using BIM in practice.

The study by Tessema (2008) implements a set of descriptive and explanatory
case study approaches to comparatively analyze the building design information
represented in documents generated using tradltipractice and BIM. This study was
not based on studying designers at work, but on comparing the documentation of design
knowledge produced. The objective was oriented to understanding how BIM could
improve the quality of information available especiatlythe architect and client. The
ultimate goal was to study how archit@tent communication can be enhanced in
schematic design phases. In the study, the researcher developed a BIM model for an
existing case study project that was originally implemg&niising traditional CAD
practices, and generated design documents off of the BIM model. By means of analysis
and comparison, the researcher found that the BIM model delivered a quality of
information that was higher than that produced by traditional CAf® fbcus in the
examined information was three main characteristics of the designed building: function,
cost, and appearance. The argument then was that enhanced building design
communication can occur between architects and clients using BIM.

The researclby Sanguinetti et al. (2011) attempts to explore how design intent
communication can be reinforced and enhanced by implementing modules for different
types of analysis for building models, including energy analysis, cost estimation, spatial
validation andcirculation rule checking. The research aims at generating automating
reviewing and reporting for building models regarding these analyses. The advantage
here lies in capturing maximum design knowledge and analysis from schematic building
models which cotain minimal and rudimentary information, representing it and

accessing it in a way that presents ongoing and informative evaluation to the designer.
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More effort lies in embedding this knowledge in the authoring tools and providing more
flexible data exchage patterns with other analysis tools in order to offer the designer a
continuous stream of guiding benchmarks for the decision making process.

Hartmann et al. (2009) describe a projeentric research and development
approach to develop and implemanformation systems for supporting collaborative
work routines in AEC projects. This research does not focus on studying BIM per se, but
takes it into account as one of the information systems that are used in the AEC industry.
The methodology of the remeeh focuses on an ethnographic observation of practitioners
at work in AEC projects and understanding their requirements through small action
research implementation cycles. Specific focus in this ethnographic approach to studying
collaborative design ison the close relationship between technology developers,
researchers and AEC practitioners. Through an iterative cycle, technology developers
establish a detailed understanding about the project routines, collaborative work
mechanisms of AEC practitionetthie problems they face, and the tacit knowledge they
possess and use during their daily practice, and consequently develop information
systems in response to their understanding. After applying those systems on AEC
projects, researchers then study how cpitianers change their project routines
accordingly and identify those routines, and the cycle continues.

One of the main findings of this research is the suitability of the ethnographic
approach, and in particular the ethnografuton method, for thelevelopment and
implementation of information systems. It further shows that this approach allowed for
identifying specific problems in the AEC industry, and provided an aid for adapting
information systems through the close collaboration between resemrahd AEC
practitioners. These findings do not only provide a basis for supporting the use of
ethnography as a method in studying BIM in the contextABC interdisciplinary
collaboration, but also suggest ways of using that method for the potentiddplagat

of systems that enhance current functionality and structure of theeB#ldled process.
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2.2 Design Intent

The issue of design intent evolved as early as the first century BC, when Vitruvius
discussed the intrinsic value in the use of plans, elevations, and perspectives to
communicate design intent. Later in 1452, Alberti the early Renaissance architect
suggestd that the essence of design lay in the thinking process related to communicate
the design to building stakeholders through lines on paper. The goal was to distinguish
the intellectual task of architectural design from the craft of construction, anckexibbl
stakeholders to share various views and tasks in the design process to effectively execute

the design for the client (Morgan, 1960).

2.2.1 Definitions and Interpretations

Many definitions exist for the term “design intent”. These definitions, wHedl
primarily with reasoning and design decisions, are mainly consistent across the spectrum
of engineering design disciplines, from mechanical design and architectgireeering
construction (AEC) to software and useterface design (Regli et al., 20 Researchers
in multiple engineering disciplines have defined design intent as the reasoning and
rationale behind why a product or some part of it was designed in a certain way (Fowler,
1996; Lee and Lai, 1991; Horvath and Rudas, 2003; Henderson, R&38&yiora et al.,

1993). Conklin and Yakemovic (1991) slightly extend this definition to include the
reasoning behind why an artifact is structured the way it is and has the behavior it does.

Another closely related view of design intent involves thefjoation of design
decisions. Conklin and Yakemovic (1991) represent it as the path of decision and chosen
alternatives that join an initial state to the final state. This is further supported by
Brissaud et al. (2003) who represent design intent asrdakeynatives, decisiemaking
and design constraints. Henderson (1993) distinguishes intent from functionality in light
of this view, where functionality describes only what the design does. Wang and Mills

(2000) extend this definition to address both generic view of design intent and the
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domainspecific view from disciplines of engineering and architecture. They describe
intent as the justification of design decisions in terms of selecting physical values for
structure variables to satisfy constraintHorvath and Rudas (2003) describe the
emergence of domaispecific knowledge as a basic characteristic of design intent. The
significance of design intent has been discussed widely. Ishino and Jin (2002) point out
the importance of explicitly represemgi design intent in realizing coherent integration of
design solutions and communication of design knowledge. Hounsell and Case (1997) also
mention the need for design intent in validation systems that are capable of reasoning
about the semantics in a paular design.

In terms of industry, Perslora et al. (1993) mention several advantages that
AEC industries can gain through the explicit representation of design intent. One of these
advantages is better project quality and intelligent use of knowletdjeesources, as
project intents are represented explicitly in building models and become readily
accessible for review. Another important advantage is enhanced productivity, represented
in the capability to store and recall reasons and justificationside¢he decision making
process across different phases of the design, which would otherwise be lost or require
continuous and tedious definition.

While design intent concepts are discussed in many disciplines and contexts, there
are many interpretationd ahat it really means. These interpretations mainly deal with
design intent as falling into one of two categories: design intent as (1) a historical record
of analyses and decisions that led to the choice of a specific product or feature (Lee and
Lai, 1991), or (2) the sum of the features of a product (functional, geometric, constraints,
etc.) and their properties. The work of Horvath and Rudas (2003) also addresses issues
from both categories. They classify design intent into three levels according to
apdication, relationship and representation. They identify attributes for each level,
including the type of intent, status of intent and status of decision maker. Some of these

attributes, like type of intent, are further decomposed into characteristicaspossible
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alternatives, compatibility, application type, and intended strategy. At the same time, they
address design intent as the intellectual arrangement of features and dimensions of a
certain design. They argue that a reasonable segment of degighdan be inferred if

the relationships and dimensional variables of the design features are known.

Hounsell and Case (1997) suggest that product features are carriers of a designer’s
intent, and therefore promote and augment the notion of febasexinodeling systems.

In their argument, they interpret design intent as the sum of volumetric, morphological,
semantic, functional, and validation features, in addition to the relationships between
these features or certain elements of the features. Tist@ns\FRIEND (Featurbased
Reasoning system for Intedtiven ENgineering Design) uses design intent to describe
the semantics of a feature. Nielsen et al. (1991) use an-uohigah knowledge based
method to represent the design process. In this dégideatures approach, features
describe not only form but also intentions of designers regarding geometric relationships.
Geometric intent is modeled as restraints on geometric attributes of the designed form.
Rosenman and Gero (1998, 1999), Gero and Kajesser (2003) and Fenves et al.
(2003) introduce another interpretation of design intent, which involves the sum of the
function, behavior and structure of the design product. The proposed frameworks in their
research all use those three variables likegrocesses.

While different interpretations of design intent exist in the literature, there are
some common and basic concepts that hold within these interpretations (lyer and Mills,
2006) such as the fact that design intent acts as a record of psoardse&nalyses and a
justification for design decisions, that it is specific to the domain, application and
problem context, that it evolves throughout the development lifecycle, and that it extends
from implying just geometry to describe design space ati@r variables such as
function and behavior.

The term “design intent{et encompasses multiple and broad areas of research

for the AEC industry. It can mean the intent of the architects’ or consultants’ drawings,
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the documentation of their design decisions, the specifications related to the drawings, the
intended functionality and operation of the design process, the goals and expectations of
multiple AEC practitioners, or the programmatic requirements impliechéyclient. To
narrowdown the scope afhat is meant by design intenttime dissertatiostudy, section
2.2.2 describes some of the related social and cognitive dimernsidhe context of

collaborative practice.

2.2.2 Cognitive and Social Dimensions

Resarch in cognitive science, social sciences and cognitive psychology has
identified further dimensions to the area of design intent, focusing on cognitive and social
dimensions. Areas of research included information processing, decision making,
searchingthe design space, design reflection, complex design problems, collaborative
design, communication of design knowledge, and maintaining conceptual integrity. The
limitations of human information processing capacity have had an impact, both at the
cognitiveand social level, on any system concerned with the capture and representation
of design intent. Simon (1996) describes these limitations in terms of bounded rationality,
where humans choose satisfactory solutions based on available information rather than
optimal solutions that comprehensively consider all design issues, conditions, constraints
and alternatives. By providing more information at the disposal of both the designer and
other participants in the process, design rationale systems attempt tonowetttese
cognitive processing limitations.

At the cognitive level, designers could have a better chance to search for
alternatives, and evaluate and reflect on their decisions if design intent is captured and
recorded along the process. More time cowdspent on thinking about the right issues
rather than reflecting uselessly on each individual aspect of the design. Designers could
be able to identify which concepts were deliberated throughout their thought process, in

addition to taking into considerah issues and consequences that may have been
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originally unintended (Tenner, 1996). This introduces a benefit for designers in their
exhaustive search of the design space for missing pieces of information with the aim of
reducing the chance of unanticipdt effects of design decision®@ne of the early
research efforts that focus on information processing in design includes the case studies
by Krauss and Myer (1970%everal studies explore the roledsdwings ininferring and
interpreting the designeriastentions Eastman, 197(Mo et al, 2002. Akin andOzkaya

(2002) describe an approach to manage ill structured requirement specification
throughout design phases and iterations to reduce design errors.

Recent effortssuch as the Design Intent Tool (Whson, 1999; Stum, 2002;
LBNL, 2011) provide structured approaches to document design intent, ensure the
alignment of perspectives of multiple stakeholders, and track design decisions and
benchmark specific performance indicators throughout the desigcess.In such
collaborative contexts, both cognitive and social dimensions of design intent are
addressed. Design rationale systems were generally intended to support collaboration,
where designers with different goals and viewpoints come together ir ¢tode
collectively understand and solve a design problem. Recording design intent is described
in the literature to serve as a communication tool between different participants in the
design process. As more participants are involved, more and more désam are
considered. Although this adds much more complexity to the process in terms of
integrating multiple viewpoints and updating team members on design issues, keeping
track of intent aims at alleviating this complexity and sustaining conceptualitptegr
within a design project (Brooks, 1995). This happens both at the level of multiple
participants working on the same task, and at the level of communicating design issues
and concerns to future designers who may have to work with a similar task. @wmee of
challenges in collaborative design in practice, known as groupthink (Janus, 1972),
involves arriving at poor solutions due to following poor processes. This phenomenon

was observed within design teams working on complex projects with very firm deadline
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As a result, teams would shift their attention to somewhat unimportant issues that are not
relevant to the design decision making process.

Recording and representing design intent should enable the explicit description of
the communication process, of the argumentative proceseamong designers in a way
that leads to more effective decision making. The advantages of structuring, exposing and
visualizing the argumentative process that takes place between social participants have
been discussed widelyybseveral researchers in architectural design and different
disciplines. These include the ability to represent the viewpoints of multiple stakeholders
(Sjoberg and Timpka, 1995), the importance of informed decision making in the context
of complex desigmrojects involving multiple social entities with different interests and
perspectives (Fischer et al., 1991; Tweed, 1994; Tweed, 1997), the construction of
cumulative design knowledge by means of continuous use and reuse of rationale (Carroll
and Rosson,991), establishing consistency in the decision making process (Lee, 1990),
the negotiation of tradeffs between different disciplines (Bellotti et al., 1995),
elucidating vague requirements and recording the rationale behind their progression
(Potts et al 1994), and communication of design intent to other participants or designers
throughout the process of collaboration (McKerlie and MacLean, 1994). Van Eemeren
and Grootendorst (2004) view argumentation as a way of resolving differences in
perspective oropinion based on four key concepesternalization where external
representations determine positions in an argunianttionalization where the main
function of argumentation is the resolution of conflidsgialization where arguments
and positios are seen as part of a social context rather than an individual one; and
dialectification where argumentation is considered only suitable when people are able to
use arguments that help them argue against other people.

Research in architectural design llaboration has previously focused on
developing systems particularly in the context of computer supported collaborative work

(CSCW) (Olson et al.,, 1992), to address communication media, different types of
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synchronous and asynchronous collaboration, secgdnization, and content and data
exchange. More recently, other issues were identified that were related tcegiiove
aspects of communication. Cheng (2003) describes two approaches that researchers of
design collaboration tend to address: (1)adatganization, information flow, and what
software applications offer to interdisciplinary teams, and (2) group thinking and working
collectively with digital media. This latter social scierti@gven approach presented an
important step for developing baied computer software and data structures for
collaboration support. Issues that were salient to this approach included understanding
group interaction, including data exchange, observing participant interaction with digital
media, identifying design tks, and encoding social processes to develop effective
communication tools (Cheng, 2003; Kvan, 2000). These tools were generally created to
enhance teamwork communication and to allow for better access to design information.
The design process has beenmwgd by different researchers as a social activity
where the role of the architect or engineer is only understood when described in relation
to other participants like the builder, fabricator, client or user. Bucciarelli (1988)
describes the process as tim&t only exists in a collective fashion and is difficult for just
one individual to describe or fully define. Lawson (1994) describes the process in the
context of a sockzognitive practice as a constant negotiation of meaning both between
and within indviduals, implying that designers can exchange and negotiate meaning with
other participants and can also have internal reflexive conversa@iooss and Cross
(1995) view team work in design as a social process, where the social process of design
interads significantly with the technical and cognitive processes of design, and where the
roles and relationships within and across teams cannot be excluded when team design
activity is analyzed. They describe many aspects of team design activity as being
influenced by social process factors such as roles and relationships within teams,

planning of the design process and team actions relative to that plan, gathering and
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sharing of information, ways of analyzing and understanding the design problem, ways of
devebping and adopting design concepts, and resolution and avoidance of conflicts.

There is a wide debate among the design collaboration research community
regarding the role of collaborative interaction in design. Some researchers see
collaboration as a posie aid to the design process, where new ways emerge for
understanding design issues and problem space representations by virtue of the
distribution of expertise among collaborators. This approach expands Schon’s (1983)
“reflection-in-action” to a wider cocept that is enlightened by interactions with social
participants; that is “collective reflectian-action” (Craig and Zimring, 2002, Dunbar,
1995). In this approach, the individual thought process, together with all its problem
space definitions, actienand justifications, becomes open to the interpretation and
validation of other social participants. Novel and originally unintenceatlings of
design problems and contexts start to emerge, leading to a collective effort that may be
difficult to achievewithout such collaboration. Other researchers view collaboration as
obstructing the search process for suitable design solutiomsgeetingproblem space
representations between collaborators leadcdoflicts without appropriate shared
resources for molution (Goel, 1995).

From the aforementioned,dldissertatiofiocuses on a subset of design intent that
involves the extent to which the initial individual and collective goals and information
needs of different participants in a given project are captured and conveyed effectively
across participants and teams tlgioout the design procesBhe dissertation attempts to
investigate the extent to which BIM workflows and processes, as seen in the interaction
between AEC design teams, popt or hinder the collaborativeprocess of
communicating design information acraasd within different communities of practice,
and how they address different interpretations or readings of the design problem space

and the potential conflicting interests between social participants sharing the BIM model.
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2.2.3 Representing Design Intent in BIM

Design intent is one of the areas of discrepancy between CAD and BIM. CAD
tools are traditionally capable of capturing geometric aspects of design intent, but offer
limited assistance when it comes to query the rationale behind design decisions for
designng or redesigning purposes or capture aspects related to design alternatives, design
procedures and functionality (Henderson, 1993; Hounsell and Case, 1997). Designers
conventionally used CAD tools to generate designs that satisfied some intent, but this
intent is not actually represented within the system. The modeling process in CAD tools
involves defining instances of a specific building element, such as a wall, slab, or roof.
These are either built from scratch or using a library of object classesdlaficording
to some geometric variables. The user must position the element instance in the model,
define values for the given variables and define othergemmetrical attributes such as
material and color.

If the designer wishes to perform any maochtion on any of the defined
instances, he/she would have to manually edit the values, location, and relations for that
instance, and then deal with the consequences that this modification brings to other
elements, and sometimes the whole model. If onechspf the model is modified,
multiple changes often have to be done to readjust to the desired situation or to the
implicit design rules which represent in this case the original intent of the designer. This
occurs because the system does not keep traadkiles. As they are not defined
beforehand, the user has to decide whether and when these rules are broken and what
should be done in all possible objects in the model to adjust that one breaking of the rule.
In other words, while the geometry is explidie rules are implicit, where the user has to
keep track of the rules instead of the system which cannot. The situation is believed to be
different in practice that uses BIM. Patterns of collaborative work are fundamentally
different, where multiple desmgrs and participants can work concurrently early on in the

process to make design alterations and achieve enhanced building quality and
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functionality based on an efficient model of data exchange and design intent
communication.

The full effects of propasd design modifications are thought to be visualized by
different stakeholders at early phases and tracked along design progress, along with a
realistic and accurate evaluation of cost and scheduling. This allows for a considerable
reduction in errors, orssions and requests for information, as the building model itself
contains the necessary information and can detect and resolve conflicts among different
fieldwork participants. One of the concepts that facilitate these capabilities is parametric
modeling,where rules are explicitly defined and the geometry is implicit. The parametric
model is defined by rules, parameters and constraints that define elements and aspects of
the building and their relationships to each other. A basic component of the design
process becomes the creation and modification of these relationships.

Parametric tools in general contain base parametric objects such as walls,
columns, roofs, slabs, doors, beams, in addition to supporting the creation of custom
parametric objects. Theadification of an object, rule or constraint has implications on
the rest of the model objects that are affected by this change. This provides the capability
of automatic updating of an object or the whole model in accordance with changes made
in one objetbased on the parametric relations between them. A curtain wall for example
should hold some rules and relations with the surrounding slabs, walls and beams which
in turn derive their dimensions and extension limits from the location of the wall. If the
curtain wall is moved horizontally in any direction, the parametric relations will update
all these objects accordingly. Parameters, relations and constraints in this case capture
most of the designer’s intent which describes what the designer originaihedien
terms of the functional, structural and behavioral aspects of the wall.

This automatic update relieves the user from having to manually modify all
implicitly related objects and guarantees a level of consistency and integration in model

updates amh transfer of edits without being troubled about maintaining this consistency
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and integration tediously. This also presents an important functionality for multiple
designers working on the different aspects of the same building model.

There are two main nigods by which this automatic update occurs in the
structure of parametric modeling tools: constructive and variational modeling. In
constructive modeling, the process of sequencing of modeling operations and data
transfer is the main concern. This dealthwhe issue of modeling history and tracking
the steps followed to generate the model. This is represented by a directed graph, where
nodes represent geometric elements and edges represent modeling operations. Variational
modeling is concerned more wittebuilding and solving parametric relations and
equations once the user introduces any changes at any modeling stage.

The determination of rules and parameters occurs through defining classes of
objects orfamiliesthat use these rules to specify the refe that all objects under a
certain class should maintain with other objects or any other requirements. Object
parameters can be user defined or can be set to follow another object parameter. For
example, the dimensions of a column can be derived frermtimber of floors of the
building. A family also supports the generation of instances that can have changing
values according to their context. A column family for example can have multiple
column instances with different radii according to their locatiorthe building or
different heights according to the floor height to which they belong.

Parameters can extend to include not only physical or geometrical features, but
also environmental features or other properties such as occupancy level. The shodknes
a slab or the dimensions of a stair for instance can be derived from the projected
occupancy level for a certain space. This also applies to the form of a building for
example whose parameters can be derived from environmental conditions such &s amoun
of daylight entering the building. Constraints could also be specified to objects by
representing mathematical relations between their parameters. They can also be

represented symbolically using relationships such as parallelism, horizontality,
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verticalty, coincidence or distance constraints. Warnings could be issued if certain
conditions for constraints are not fulfilled. For instance, a constraint could be specified
for the height of a space such that the user gets a warning if a height value tads exce
the limit is used.

Logical relationships can also be established between objects by means of
parameters and relations such that possible and impossible cases can be realized. These
include cases like containment of a door within a wall, the attachafeamtbeam to a
column, or not accepting a wall dimension that holds a number of windows that in total
exceed its dimension, etc. These relationships preserve the integrity of model data and
reduce to a great extent any odd associations.

Object propertiecould also be easily modified and updated. By changing the
material property of an object, not only does the attribute get modified, but also the
related geometric definitions, dimensions and properties of that object. Changing the
material of a floor slalfor example from one composite material to another implies also
changing its thickness for dimensioning purposes, its weight for building load
calculation, material quantities for cost estimation purposes, and so on.

Another important feature of BIM is ¢hinteroperability across different tools,
including tools for cost estimation, construction scheduling, facility management and
others. In this context, multimensional (nD) capabilities can be illustrated. 4D
capabilities for example refer to virtualilwing in a timelapsed manner such that
constructability and scheduling issues can be addressed clearly. Other aspects beyond
time such as labor can be simulated to predict and visualize different workflow patterns
through external scheduling databased. refers to the ability of linking models to
external cost databases that can give owners a better understanding of how projects
perform according to the allotted budget. Other capabilities envisioned ireBédled
practice include 6D which involves supgchain integration and 7D which is concerned

with operational lifecycle analysis.
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Most of the previous capabilities present enhancements in data exchange,
interoperability and design intent communication that are primarily claimed by BIM
advocates and #ware tool vendors. The dissertation does not fully deny these
capabilities, but calls for studying in depth how they come to realization in the
workplace, and in architectural practice in particular to have a more precise account of
the affordances andnitations of BIM in communicating design intent. My proposed
research aims at capturing the interactions, collaboration patterns and knowledge transfer
mechanisms that take place in the Béabled process to understand how design intent
communication ieddressed in practice. Methods of analysis such astehortempirical
studies, case studies, surveys, questionnaires or protocol analysis would provide some
insight but would lack the lonterm and robust observation of interactions and
mechanisms withirgroupwork environments. In order to extract enough information
about the processes that take place in BIM, | intend to conduct an ethnographic study of a
collaborative environment within the AEC industry. In the next chapter, | describe in

detail the metbds and scope of the study and how data from the study will be analyzed.
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CHAPTER 3

METHODS OF STUDY

This chapter introduces the main methods of study employed in this research. The
research adopts ethnographic field observation and interviewing agegitiqualitative
methodology to capture the types of interaction that take place between the different
participants in the context of BWdnabled practice, as well as grounded theory coding as
a basis for analytic induction. The research also adopternzss an additional method
of analysis. As the unit of theoretical analysis and inquiry, personas are seen through
interactions with other participants and artifacts in the specific context of practice. The
chapter provides an overview of ethnographgeezch, why it is adopted in this study,
and its precedents in the architectural profession. Data collection procedures, including
field observation and interviewing, are discussed, as well as the process of transcription,

coding, analysis, and verificatiof the qualitative data from the study.

3.1 Data Collection and Analysis

The process of exploring design behavior in general has usually taken the form of
interviews, retrospective reports, concurrent reports, teaching, and introspection, which
all contribute to the empirical understanding of the design process (Lloyd et al., 1995).
Studying design as a process, however, and as a collective activity and conversation that
occurs in a sockeognitive context and that involves continuous negotiation,
argumentation and construction of meaning, requires a different kind of observation and
analysis technique. Protocol studies (Ericsson and Simon, 1993) have attempted to
observe activities of individual designers and analyze cognitive behavior, in addition t
analyzing design activity among teams working in collaboration (Cross and Cross, 1995).

These studies have proved effective to some extent but focus primarily on wverbally
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governed behavior and do not take into accounttdalay social and cognitive priaces

of subjects. The dissertation employs qualitative methods and analysis to address the
main inquiry. Traditionally, qualitative methods were introduced in the social sciences to
develop comprehensive understanding of human behavior. Other discigtiangsd to

use qualitative methods significantly during the 1970’s and 1980’s such as psychology,
information studies, education studies, communication studies, and many others. This
was accompanied by widespread publications of studies, articles andatiisse related

to qualitative research methods, and followed by other publications in the 1980’s and
1990's that embraced a more multidisciplinary focus rather than the conventional
research rooted in sociology, anthropology and philosophy (Denzin aadlihj 2005).

In spite of the growing inclination to adopt qualitative research as a method of
inquiry, there have been sporadic challenges and doubts regarding the legitimacy of this
type of research in terms of credibility and reliability. Qualitativecdption is often
viewed as relying more on narrative rather than tangible results, thus raising the level of
ambiguity and debate, and making it harder to accept with respect to replication and
generalization. However, through its opemdedness and fldlity, it has the advantage
of producing meaningful information that is both rich and explanatory in nature, where a
“thick description” explains the reason behind human actions with as much detail as
possible (Geertz, 1973).

The context of inquiry in t dissertation research involves dynamic contributions
from multiple participants with diverse backgrounds and areas of expertise, who use
different concepts, tools, methods and resources. These dynamic interactions contribute
to a form of interdisciplinaty where the “melding of knowledge and practices from more
than one discipline occurs continually, and significantly new ways of thinking and
working are emerging” (Nersessian, 2006). This combination of resources is not only of
academic disciplines, balso of experience, interests, motivations and goals that may not

necessarily align with those of a “typical” domain. (S1) for example comes with a
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background in both mechanical and structural engineering. The intern (A4) for example
comes with a teachingxperience that mostly affects her approach to design during the
project.

Other factors yet come into play, such as new work experiences, new social
interactions, temporary or permanent departure of participants and arrival of others to aid
with workload, including engineers, architects, project managers, interns, and even the
client, transition to new systems, organizational structures, technologies and
computational tools, exchange of tasks and assigned roles, adjustments to project
programmatic requéaments, and many others. These factors contribute to what is known
as evolving systems (Knorr Cetina, 1999) which undergo continual transformation to
respond to the activities performed by their participants, affecting their social structure
and knowledgenechanisms and resources.

In order to provide a thick description that takes into account the context of
inquiry with all its dynamic interactions and all the aforementioned factors, it is necessary
to state the employed methods but first to identify aortbigcal unit of inquiry and
analysis (Denzin, 1971). This basic unit of naturalistic inquiry encompasses the analytic
focal point of the research and determines the specific methods used. In this research, the
context of inquiry comprises two main moddsdrderaction: 1) a process of exchanging
data among design teams and participants by means of a shared BIM model, and 2) a
process of exchanging issues, views and arguments among design teams and participants
by means of a shared-gdtructured problem #t involves sociaognitive interaction. To
capture these two modes of interaction in B¢lbbled practice, the dissertation adopts
ethnographic field observationand interviewing as a strategic data collection
methodology. The unit of inquiry in this cage the participant, or thpersona seen
through interactions with other participants and with artifacts, including digital and
physical representations, in the context of practice involving disciplinary participants.

The dissertation study therefore eslion two main methods:
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1. Ethnographic observation, including field notes, open and -seostured
interviewing, and attending design meetings: the purpose of this method was
to establish a deep understanding of the affordances and limitations of
building information modeling in AEC practices through the close observation
of dayto-day practices, and

2. Personas: the purpose of this method is to build on the observation findings
and on existing BIM systems to propose recommendations that address both
technologydevelopment and social interactions in communities of practice.

Although these two methods stem from two very different fields of research
(anthropology and sociology versus hurtamputer interaction), they are used in
conjunction as complementary metBpdo understand the context of Bidhabled
practice on the one hand and to address advancements in technology development on the
other. These two methods will be discussed in detail in along the course of this chapter.

In parallel to the data collectiothie research uses grounded theory coding as a
basis for analytic induction through the constant comparison and examination of results
(Strauss and Corbin, 1998), with the purpose of arriving at a group of emergent
phenomena pertaining to the basic redeanquiry. Although audio and video material
from interviews and meeting sessions has been collected for this study, the focus in the
analysis and coding is on text from these interviews, meetings and field notes. Although
this material could have been raanformative in terms of conveying sophisticated levels
of interaction, the primary concern here is communication of design knowledge and
information. The assumption is that open and s&noictured interviews, although not
delving into every single detawould expose the social and cognitive practices in the
context of study. The interview, which is furthermore situated in the workplace, is also
supplemented by notes from field observation and other sources such as drawings,

artifacts and digital fileghat all add to the understanding of the context.
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The data from interviews and meetings was collected in this study over the course
of 8 months, which represents the duration of the SG project starting from the early
programming phase, going through stagic design (SD), design development (DD),
and ending with the construction documents (CD) phase. The author became a participant
observer of most of the ddg-day practices in each of the firms (architectural, structural,
MEP, AV, and civil and landsca, especially the architectural firm where most of the
decision making took place and where design meetings sessions were held with the
consultants.

One of the problems that usually arise when dealing with ethnographic interview
data is that what partgants describe or what they say they do may not accurately reflect
what actually takes place in practice, or may not provide an adequate description of
reality according to Geertz (1973). There are often contradictions between what
participants think theimotivations and belief systems are for example and what their
actions turn out to be in reality. This required that the auttedso the ethnographer in
this case- be better able to describe the practices than the actual participants by means of
direct observation, testing and triangulation of data by means of artifacts, literature, or
other participants. It was hard to totally overcome this problem however, but the process
of identifying some of the emergent phenomena in the study was supplemented using
direct observation and examining project data. Sections 3.1.1 and 3.1.2 present an
overview of ethnographic observation and why it was specifically used as a data
collection method. Personas will be discussed as an additional method of analysis in

section3.5.

3.1.1 Why Ethnography?

To be able to understand the suitability of ethnographic observation for the
purpose of this study, it is first necessary to define what ethnography is. According to

Fischer & Finkelstein (1991), ethnography is a qualitatie¢had for collecting rich and
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complex social data. Qualitative research in general covers a wide range of methods,
from purely open ended to highly structured methods. Ethnography primarily relies on
field observation to study organizations, cultures amlgs of people in action. Some
ethnographic practices have also relied on ss#ractured interviewing.

The data collected in an ethnographic observation are not tdewey, but rather
work through a bottorup analysis, where analytic induction is disegether with
continuous comparison through the inspection and triangulation of the different sources
of data that the ethnographer comes across (Eisenhardt, 1989; Miles and Huberman,
1994). The analysis of all these types of data is conducted throaghdgd coding in
order to build theory.

Ethnography was first developed under the discipline of social anthropology as an
attempt to observe radically varied cultures. It was later adopted under the discipline of
sociology and was used to study organaai and groups of people in action. Other
properties such as skill, technical competence and professional expertise began to be
under study in ethnographic observations and not just cultural practices. These practices
were seen as residing in social comitiaa and organizations and not just as a
commodity for individuals (Coyne and Snodgrass, 1995). More recently, ethnography has
been adopted by cognitive anthropology for studying complex smgaitive systems,
where specific attention was directed todsting the coordination between expert science
and engineering teams in decision making processes (Hutchins, 1995).

One of the main differences between ethnography and other qualitative research
methods is that ethnographers try to understand how membarsestain culture act,
think, feel, interpret experiences and create social behavior in their everyday practices
(Spradley, 1979). Reaching this level of understanding in AEC practices requires starting
from the collected data about the secagnitive ontext of designing and not through a
forced theory or preconception of the mechanisms in the studied culture. This implies a

close observation of the practices of design team members during their daily work,
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learning the language they speak and how theylyre, exchange and communicate
knowledge in their routines, and studying what artifacts, computational tools and
applications they use in such a process. Data thus need to be collected from multiple
sources of observation such as interviews, passivenab®ss, and participant
observations, in addition to supporting documents such as project meeting minutes or
reports (Yin, 2003).

To capture the essence of disciplinary collaboration and constant negotiation in
BIM-enabled design practice, it might n& énough to evaluate the final design product
or perform a quick survey or questionnaire regarding the nature of this collaboration. The
collected data in such cases may not provide a comprehensive account of the underlying
issues such as the collectiveinting process, decision making, social organization,
cognitive processes, learning curve, meaning making, reasoning, tacit knowledge,
negotiation and argumentation among designers, the role of expertise, and many other
issues. To address such issues amkrstand them fully, it is important to study in detail
the dayto-day practices among teams of designers and observe closely the associated
socio-cognitive processes in their interaction. This relies on the ability to systematically
record, report, orgare, analyze and explain the mechanisms of this somjmitive
system. The goal of this observation is not to test a specific hypothesis per se, but to
explore those different processes and mechanisms and bring insight about them to the
reader through aonivincing description.

This description is not just a narrative butheck descriptionof human behavior
(Geertz, 1973). This description explains not only the behavior but also includes the
context of practices and discourse within the society in athatyrenders that behavior
useful and meaningful to an outsider. Current research in BIM and design intent
communication lack this kind of thick description that provides an account of the
interactions and mechanisms taking place in the social contexillabarative design

between disciplinary teams. Throughout this chapter, | explain how the proposed
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description is enacted by means of the personas identified in the study and their different
interactions. First, | introduce some of the precedents in ild 6f ethnographic

research.

3.1.2 Precedents in Ethnographic Research

Studying architectural design practices emerged from the work of anthropologists
and sociologists which provided a framework for studying any group of professionals in a
particular type of practice, including architects, in what they identify eslare of work
A culture of work describes a group of social norms that control the behavior of any
individual working in that practice.

Cultures of work in a discipline like architectufer example could then be
studied according to anthropological and sociological tools similar to those used to study
cultures and groups of people in traditional anthropological research. These tools, which
includefield observatiorandinterviewing would aid ethnographers in understanding the
properties of members of the culture under study. Below | present an overview of some
precedents of ethnographic observation in two areas: architectural practice, and

technology development.

3.1.2.1 Precedents in tAechitectural Profession

Studying architectural design practices has been traditionally divided between two
camps of methodological approaches that introduce a lot of controversy within
disciplines of anthropology and sociology concerning #pplicability of empirical
methods to the social sciences: the objectivist approach and the subjectivist approach.
The objectivist approach suggests that human behavior can be recorded and measured
guantitatively with replicable results. The subjectivisp@ach proposes that qualitative
narratives provide more information about people’s behavior and personal realities.

Ethnographic observation and fieldwork belong to the latter approach (figure 3.1).

46



Ethnographers studying architectural practices havallyséollowed methods
similar to the work of anthropologists and sociologists with no special accommodations
for discrepancies in the profession. Researchers traditionally spent time in architectural
firms observing the physical context and the socialrattgons among design team

members, depending mostly on field observation and ethnography rather than theoretical

studies.

Robbins (1937) Larsan (1977) Gutman (1998) Blau (1984)

DRAWING PRACTICES ) (PROFESSIONALIZATION SgEIoLoarOF TRANSFORMATION IN

PROFESSION PRACTICES
SUBJECTIVIST OBJECTIVIST
TEAM PERFORMANCE
AEC WORKROUTINES STORY OF PRACTICE
OPTIMIZATION
Hartmann (2003) Jagodzinski (2000) Cuff (1991)
» Qualitative Narratives of behavior Quantitative measure of behavior «

FOCUS

Figure 3.1. Focus of ethnographic observation and fieldwork in the study along the
subjectivistobjectivist methodological approach

Some early examples of ethnographic observation work studying the architectural
profession include Larson’s (1977) study of the professionalization process, Blau’s
(1984) study on the transformation in architectural practices over time which were taken
five years apart and implemented interviews with 400 architects, and Robbins’ (1997)
study on drawing practices of architects. Although these studies referred to some of the
work settings in the profession, the interviews were not informed by personakexger
and were disjoint from everyday routines. The work by Blau (1984) examined the
correlations between the attitudes of architects and the success or failure of their firms by
using statistical methods such as analysis of variance. This placed theseftgiudies
in classical sociology research instead of applied work practice research.

Other studies were based upon the work of sociologically minded members within

the architectural community. These studies, including the work of Martin (1996), Gutman
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(1988) and Cuff (1991), shaped the fundamentals of understanding design as a
profession. They employed qualitative methods to report on personal experience working
with the architects they observe as an alternative fieldwork. Not all research involving
desgn as a profession however has firmly or neatly belonged to one of the extreme ends
of the objectivitysubjectivity spectrum. Some of the studies adopt a rather hybrid
approach. The work by Gutman (1988) and Martin (1996) uses sociological methods that
emerge from personal experience, but at the same time other data such as professional
membership registers is used to supplement this experience.

Cuff's (1991) work and interviews also tend to make some claims at objectivity
more than being oriented towapdrticipant observation although her work does not
involve quantitative analysis or surveys. At the same time, although she does not study
technology development in her studies, she uses the ethnographic approach preferred by
applied work practice researahnich aims at observing a culture to identify opportunities

for integrating technology.

3.1.2.2 Precedents in Technology Development

Some considerable work in ethnography and work practice studies has been done
in the field of technology development. Thi®rk primarily focuses on fields of human
computer interaction (HCI), information systems and engineering design. Many HCI
curricula began taking into account ethnographic methods of inquiry for conducting work
practice studies (Shneiderman, 1998; Dirlet1998).

Most of the activities involved in applied work practice are concerned with
either understanding the physical artifacts used in everyday routines or studying the work
flow and organizational structure between different team members. The eubtohese
kinds of studies usually helps designers to have an informed decision about the design of
the user interface of a system by avoiding certain work flow conflicts or arriving at a

common vocabulary for the system design.
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Hartmann et al. (2009) dasbe a study that aims at developing information
systems for AEC design team members. They show that ethnography, and especially
ethnographieaction research, is well suited to formulate work routines that AEC team
members face during their dég-day wok, to understand these routines, and to adjust
information systems to these routines throughout thetitife of a project and across
different projects. Jagodzinski et al. (2000) describe a set of studies that involve
implementing ethnographic approachesstudying engineering design and developing
computational support. These focus mainly on engineering rather than architecture, with
a special interest in team performance optimization. One of the related architectural
examples is Emmitt’s (2001) study wh describes his experience while observing
design teams in the process of choosing building finishing materials.

The dissertation implements ethnographic observation in a way that addresses
both architecture as a profession and technology developmeatolddervation study
explores issues related to communication of design intent with the purpose of studying
(1) BIM-enabled architectural practice in the context of AEC collaboration, focusing on
patterns of argumentation and negotiation of meaning, and c@hputational
development, in terms of identifying patterns of data exchange among design teams and

participants within and across disciplines.

3.2 Data Collection Procedures

The time frame for this study was approximately 8 months, starting from the
phase of programmatic requirements to the delivery of construction documents. The time
spent in the firms together amounts to about 140 hours, including about 30 hours of
interviews and 20 hours of team and consultant meetings. The data collected was in the
form of general field note observations, audiotaped interviews and audio/video taped

group meetings. A total of 25 interviews were fully transcribed and analyzed.
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Early concept design phases within the project were the starting point for this
study. This isvhere it was anticipated that in a Bldhabled setting most of the decision
making and design thinking processes would occur collaboratively, and where
disciplinary teams would come together to develop the basic components and ideas for
the shared buildopp model. Observing this phase allowed for the exploration of the
interactions and negotiations that occurred early on in the process. Extending this
however to observe later phases also allowed for tracking the communication patterns of
argumentation andegotiation within and across teams along the progress of the design.
This enabled not only capturing the different affordances and impedances that emerged
within different design phases, but also discovering new interaction and design thinking
patterns a@ss these phases that were not originally anticipated.

The research focused on examining two main patterns of communication and
argumentation: within the architectural firm, and between the firm and other participating
disciplines and consultants. The former pattern of communication involved studying
design timking and discussion sessions within the architectural firm, segments of work
sessions, informal conversations, and internal meetings. The latter pattern of
communication involved observing projespecific design meetings that occurred
between differenteams occasionally in the architectural firm, in addition to general
meetings and discussions about tool and workflow development. In both patterns,
interviews with key participants were conducted to inform the research.

Conducting this study requiredegular visits to the design teams at the
architectural firm and all participating consultants. Visits to the client were not allowed,
and so the discussions between the design teams and the client were communicated
through the teams. To acquire the bestaustanding of the client’s requirements and
discussions, data from all members of the architectural team, including the principal
architect and project manager, as well as members from the consultants’ teams, were

collected and triangulated. The duratiand frequency of the visits to the participating
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firms relied on a number of factors including the progression of the project, the
availability of team members, the frequency of design meetings and the degree of access
to project data. This was determinedether with each of the design teams. During these
visits, collection of data for the study required a preliminary observation stage to get
familiar with the practices and the nature of social interaction in each of the firms.

Most of the issues consigl in the early phases of the field observation and
interviewing were related to the soaognitive aspects of the work environment,
focusing on the patterns of argumentation and negotiation of ideas. As these are very
broad concepts, it was anticipatdtht the exact outcomes of the observation would
emerge from the data and would not be-gegermined prior to the study. In all data
collection procedures, the observation involved two main lines of focus in parallel to
address the research questions goals: (1) patterns of argumentation and negotiation of
ideas, and (2) BIM model data exchange patterns. All data in this study was collected and
maintained in accordance with the Institute Review Board (IRB) Human Subjects
requirement. The identity of alhe participants was held in confidence by the researcher,
and all participants were assigned aliases in this research and any resulting publications.

The following sections describe in more detail the data collection procedures in the study.

3.2.1 Field Observation

Before the commencement of the study, | had a meeting with (B1), BIM manager,
and (P3), one of the principal architects in the architectural firm, in order to introduce the
goals of the research and to identify a potential BIM project in time. fTimeframe,
duration of project, approval of participation were all taken into consideration in this
meeting. Upon identifying a project, all participants, including the consultants, were
provided with a brief introduction to the research study andesdn®rms for their

approval of participation.
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This was followed by informal conversations with key participants for the first
month in order to get familiar with their backgrounds, experience, interests, level of
engagement in the project, and level omiigarity with the tools they use in their
practices. After establishing rapport, | started scheduling open interviews with some of
the participants and started attending internal meetings within the architectural team
during the programming phase and befoschematic design to get to know the
preliminary concept of the building. | also had access to some sketches and preliminary
drawings. This was the same for in house and external consultants, where the first kick
off engineering meeting was shortly scaksdi for the project, and informal conversations
and scheduling of interviews took place for the consultants.

Moving through the progress of the project, constant field notes and memos were
taken from observations in the workplace. Visits were not firmlyaaegular basis, but
were more dependent on the participants’ schedule and the progress of the project. They
took the form of “observation windows” for approximately an hour or two hours after or
before scheduled interviews and group meetings, rather fikad intervals of field
observation. The purpose of these observation windows was to examine the social
interactions between participants in the context of the project, follow the progress of the
project, and look at the different artifacts, sketched amawings sitting on the
participants’ workbenches or pups on the wall. The goal of these notes was to
document those informal patterns of communication and track design progress by means
of personal communication of ideas and positions in each fiwndier to understand the
individual and collective positions and arguments of each of the participants.

Regarding data exchange patterns, | also documented model data exchange
among all participating AEC disciplines. This was done by gaining access to the
architectural firm’s project server which was managed by (Al). All building models and
other auxiliary files from all participants were uploaded regularly on a weekly basis on

the server. Accessing this data allowed for recording the history of modebhddiange,
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and identifying the main types of information that was communicated between different
participants along the process. It was also important for the purpose of continuous
comparison with additional nesigital material such as hand drawn sketched other
images and line drawings. The premise was that the triangulation of this data with the
descriptive and narrative information from informal conversation and other sources
would provide a better understanding of BIM and data exchange capabititieshat

they offer versus what the teams require during the ongoing thinking process.

3.2.2 Interviewing

This form of data collection involved conducting open ended and stenaitured
interviews with key participants in the design process, includiregnipers of the
architectural project team, other external ehause consultants, and any key participant
whose role emerged as significant according to the data. In contrast to structured
interviewing where questions are prepared in advance and orienpadh to focus on
specific points of interest, open ended interviewing is characterized bytnosive and
undirected questions where the interviewee is left to lead the line of thought. Most of the
interviews were open ended. Sestiuctured interviewsvere conducted towards the end
of the study with the purpose of following up and getting more feedback on specific
points of interest that emerged throughout the observation.

Interviews were scheduled based on a number of factors, including time frame
ard availability of participants, and often depending on specific events taking place such
as a new participant or consultant joining the project, follow up after a project meeting, or
a significant phase of the project being submitted to the client or lcamsuthrough the
server or hard copy drawings. The goal of the interviews was, besides getting to know the
background and experience of the participants, to observe and record their individual
positions, needs, motivations, arguments and assumptions #iu own work, in

addition to tracking those positions along the process.
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The content of these interviews was not-getermined, but was developed and
elaborated along the observation process. They dealt primarily with detailed specifics of
the projet and the participant’s interaction with different tools, applications and other
involved members. The content of the interviews was continuously informed by the field
observation and its ongoing analysis. It also built up on emerging data from other
interviews and relevant sources of data. The duration for most of the interviews was
between 35 and 100 minutes, with an average of approximately 45 minutes. All
interviews were audio recorded. They were also video recorded if the discussion involved
follow up questions over sketches, models, documents or other artifacts that required
visually recognizing the discussed information. The total number of conducted interviews
was 42 interviews; all of which were transcribed, and 25 of which were fully coded and
analzed. Figure 3.2 shows a sample of a transcript carried out at the architectural firm
with the (Al). An extract from an interview transcript is also shown in table C.1 in
APPENDIX C: Sample Transcripts.

Most interviews took place within the firms, in ooand the work space. In some
instances, interviews were held in meeting rooms for privacy purposes and to avoid
distraction, especially if the topic of concern involved other team members, as with (A3)
and (A4) and most of the external consultants. Inehaterviews, the setting would
typically include hard copy drawings or sketches for discussion. In other instances,
interviews were held in front of the pups on the wall or over hard copy drawings on
the team workbench in the corridor, as was the waite(Al) and (A4). In some other
instances, interviews and informal conversations would take place in the workspace,
where more detailed information was needed using the computer screen or some
documents on the participant’s desk, as with (C1), (L2), ,(Ahf (A4). This was all

based on the preference of the participants.
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Protocel Title

An ethnographic study of interdisciplinary collaboration in BIM-enabled
architectural practice (Main 03/23/09v1)

Document Code

11-A1-02102010

Type of document

Transcript - Individual interview

Site Architectural Firm
“Subject A1 (Project Architect]
Project SG Building

Method of recording | Audio taping

Date Recorded 'ﬁ?_-,;’lﬂfit}'llol
Duration 55 minutes

Al

Yeah..umm..and you can get really caught up in putting windows in and
everything in Revit and SketchUp and things of that sort but it takes so much
time to get the window you want and that's the trouble with this_.you have to
go through and do all this modeling just to get a certain size window that you
want._whereas._and you're not even sure if you want that window because
you're in schematic design..so it's much easier just to hand draw it.do
studies...put it on drafting board with a parallel bar and draw it like that and
start looking at how things fit together..how things mass out..and materials
and things of that sort. Mow | will take a basic Revit model which iz a basic block
ar something which is 3 storeys high maybe and put a sloped roof on it to get
an idea of what the overall massing will be__and then start to._then put a grid
on the face of it and print that out and use that as my basis for sketching
over..because that then gives me some parameters where | don't have to go
and set up a 2 point perspective from scratch. | already have itin there but it
gives me the basis to start looking at...

But in the drawings._.in the hand sketch_you put some information there.
Would you feed that back eventually in the model somehow afterwards?

Al

Yeah | think..we start drawing sketches and then you start looking at it in
masses and stuff because you spend a lot of time just drawing in 2D or
stuff_and it really helps to get it into 3D to see how it looks_you get
ideas..and wou know._it's kind of collaboration between the two..you
draft._you go into Revit and you model something...you go back to sketch over
it..you print it out and sketch over it..you go back and you try something new
and you print it out and sketch over it..so..but at least we're to that point
where we kind of have a general idea of the shape of the building._how it all
falls together by the end of the week could be a whole different story but._you
know.._the general orientation and kind of where the entrances will be and how
the circulation around the building and through the building will be..kind of
some general public areas. so we're getting those pieces put together but as
for final design that's a couple of months off_| think somewhere in April__that's
when we're supposed to have a schematic design package which will be__once
we get an idea of what we want schematic design package is just elevations,
usually all the floor plans, sections, a site plan and perhaps a perspective or
two, maybe a rendering..umm..that's where Revit comes along pretty
handy...and put that stuff out really quick...

Extractit out of .7

Al

Yeah...Revit iz really..really really good for getting stuff like that done..and
that's where you spend a lot of time in the beginning of the project trying to
get all those details worked out

Figure 3.2. Sample interview transcript with project architect (Al)

In some occasional instances, the interview took place outside the firm. This was
also based on the preference aodnfort level of the participants, where some such as
(A4) preferred to sit in an informal setting to express her point of view without being
pressured by the physical setting and context of the project. To allow for this level of

comfort, these types ofiterviews were not audio recorded and took rather the form of an

informal conversation with some brief notes taken.

55




In some other instances, participants provided a “guided tour” of the firm, like
(S2) for the structural firm, (V1) for the A/V firm, an&ZX) for the sustainability group
floor in the architectural firm. This was something between an interview and a field
observation. It was useful in visualizing the full capacity and potentials of the firm,
understanding the working force capacity, the neindd team members, and the different
interactions between participants. It was also helpful in getting introduced to potential
candidates for interviewing and discussion upon identifying their specific roles and tasks
early on in the project. These touadso helped in understanding physical space
configuration and relations. For example, seeing the auditorium simulation space in the
A/V firm added a lot to the understanding of the practices of the firm and the underlying

methods of calculation used by th8/ engineers.

3.2.3 Meeting Sessions

Attending design thinking sessions and project meetings depended primarily on
the schedule of the project and the frequency of meetings. These sessions were video
recorded to capture the ongoing interactions betvpaeticipants. The duration for most
of the meetings was between 45 and 200 minutes, with an average of approximately 100
minutes. The total number of recorded meetings was 11 group meetings. Selected
segments of each of the meetings were fully transcravetl analyzed based on their
relevance to the context of study.

The study focused on observing the following types of meeting sessions: (1)
meetings in the architectural firm that involved representatives from all AEC design
teams, (2) internal meetings Wih the architectural team, (3) meetings between the
architectural team and one of the AEC consultant teams, and (4) meetings between
multiple architectural teams in the firm and BIM managers. In type (1), observing a
meeting with all AEC design teams repented allowed for capturing the positions of

each of the representatives towards specific design issues and identifying possible
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conflicts. The occasional sharing the building model data in these meetings allowed for
observing the discussions and argutagon patterns over the exchanged information.
Type (2) allowed for a close observation of the individual positions and issues within the
architectural team and the ongoing argumentation among the team members along the
course of the project. It also help identify the intradisciplinary dynamics of the team
upon receiving a building model from another consultant.

For example, if an MEP model was uploaded to the server, the project manager
(A2) would discuss the implications of the modifications introdubg the MEP team
with the project architect (Al). (A2) would then assign roles to the (Al), (A3) and (A4)
and inform (E1) and the sustainability group members of the required project goals and
the other client constraints in order to respond to the MERgds, or request a meeting
with (S1) and the structural engineering team to provide input on these changes.

Other scenarios then would come into play. (Al) for example might have a
specific position on how the team should respond to the MEP changes draskd
available resources or BIM tool constraints. Other team members might also negotiate
with (Al) and come together to reconcile, leading to a proposal that expresses their
collective position in the subsequent model update. The observation focusesl kind
of negotiation and argumentation process which was rich with information about how
teams build up their arguments in response to different implications.

Type (3) involved discussions between the architectural team and another in
house consudint such as the estimator or external consultant such as the structural
engineering team. Observing these meetings allowed for a detailed exploration of
interdisciplinary architeeto-consultant negotiations and possible conflicting arguments
while addressg specific design problems. Type (4) meetings were targeted to
discussions about BlMpecific issues, such as dealing with the complexity of BIM tools
or discussing data exchange issues with other team participants within the architectural

firm. These metings involved the participation of representatives from multiple
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architectural project teams, the sustainability group and BIM managers (B1) and (B2).
Attending some of those meetings allowed for an informed view of the group decisions
made and the daexchange mechanisms that the architectural team adopted according to
the vision of the BIM specialists and the concurrence of other teams in the firm.

In the process of transcribing all the data collected from interviews, meetings and
field notes, aliasewere assigned for all participating firms and individuals. Audio and
video recorded conversations were kept secure to protect the confidentiality of all
participants. All the interviews and meeting sessions were transcribed solely by the
author. All the iterviews, field notes and meeting sessions were archived in a database
for handy retrieval and access, and for the purpose of the coding and analysis phase of the
study. This was done using the MAXQDA (2010) software.

In terms of conventions, the followingonvention was used for transcribed
interviews: (“I” for interview— serial number of interview for the specific interviewee
interviewee alias- date (month/day/year). For exampleH2-07142010 is the second
interview for participant E1 conducted onlydd4, 2010. The same goes for meeting
sessions and field notes, but without an alias (e.g05¥12010, and M®3162010).

Other conventions include marks that are shown in the interview or meeting text in the
following chapters. Breaks or shifts in diriect of speech are indicated by a dash (

Compression of text is indicated by continuous dots (...).

3.3 Coding and Analysis

This research adopted grounded theory coding as a basis for analytic induction. In
contrast to theory derived by means of grand mheeduction, grounded theory coding
and analysis relies on identifying emergent phenomena from the observed data and
respondents through a series of steps that would ‘guarantee a good theory as the outcome’
(Glaser and Strauss, 1967; Strauss and Corl®88)1 The basic idea in these steps

involves the continuous examination, comparison and reading of multiple sources of data
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such as field notes, interviews and memos. This is followed by discovering sets of
concepts, categories of phenomena, and propénaeé®merge from these sources of data
and the different interrelationships that exist between them. According to grounded
theory coding, the analysis and coding process usually occurs in parallel to the data
collection process. Data examination and cgds done for every note and interview
transcript promptly and built upon to use the data in subsequent interviews. Data analysis
becomes useless and inaccurate if not performed in this fashion, as the process of
identifying categories of phenomena frome tthata is an ongoing one that cannot be done
merely at the end of the data collection phase.

In the process of developing codes and eventually categories of emergent
phenomena, three main approaches were performed simultaneously: 1) sampling across
interview and meeting texts to identify personas based on initial salient features relevant
to the main research inquiry, 2) focusing on each of the personas in the text in terms of
identifying their background, motivations, needs and goals, and tracking xpeiience
and feedback along the progression of the project, and 3) identifying patterns of
interaction based on classes of events that take place between different participants, both
within teams and across teams. Below | describe some of the methods esel@ and
analyze the data; open coding, axial coding and selective coding, in addition to an

overview of the codes and super ordinate categories identified in the study.

3.3.1 Open Coding

The objective in this kind of coding was to identify emergertegaries of
phenomena taking place in the studied firms and assign meaning to them. The identified
categories would then be decomposed into a set of dimensions. Strauss and Corbin (1998)
suggest that these categories exist along a certain continuum, ahd thia
dimensionalization process involves describing the locations and degrees to which the

categories fall on that continuum. This would enable identifying further subcategories
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and their corresponding properties. Open coding requires the compariso@ déata,
where concepts are formed directly from the notes and observations. Every piece of data
contains information that should be categorized and processed to some extent.

In this study, transcripts of selected interviews, meetings and field notes were
fully and progressively analyzed, and an initial description and naming of preliminary
codes was generated for most passages of the text. This was done in accordance with the
open coding phase of grounded theory, where the goal was to describe thed oligat
in terms of its conceptual dimensions. Initial codes were developed to organize these
descriptions, and these codes were discussed with anrateer reliability group,
composed of three researchers, to achieve a level of concurrence. This mfocess
“‘opening up the text” by labeling what is seen as potential phenomena was an ongoing
process, in parallel to interviewing and observation, to build on continuous emerging
data. Many preliminary codes were created in this stage (figure 3.3).

Rather tha reducing these numerous codes to a reasonable number of coding
categories, the goal was to formulate accurate and reasonable descriptions of these initial
codes and understand what they mean not only within the specific text but also within the
larger cantext of the data related to the personas and the different interactions in the firm.
These descriptions were developed through multiple iterations based on their potential
importance and relevance to the basic research inquiry, comparisons and alternative
interpretations of the text, and verification and concurrence with theraterreliability
group. In this phase, numerous codes emerged but were too broad and open ended at this
point, and required further refinement into categories that were natgostse but also

meaningful to the basic inquiry.
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Al | It's kind of a..it’s kind of a live type of collaboration [“live/real-time
collaboration”] where they build theirmodeland we build ours and we start to
see things that don’t work and things that do work [“examining shared
models”]..you know they don’t go in and put all the miscellaneous steel in
there but they will put the majorsteel beams and steel framing and columnsin
there...they will be in our model showingup [“shared building elements”]...but
if they decide to move something...you know...as it gets later in the game
you..there has to be a collaboration there because it will show up in our
[“model complexity in detailed design”]...if we’'re doing a detail and we're
using their column in our detail and drawing how the brick goes around their
steel column and their steel column moves then we go and print the drawings
andtheirsteel columnisn’tthere anymore...so things of that sort could actually
affect [“ramifications of 3D model editing”)...because back when you had CAD
you just drew a symbol for a steel column and that was that...you don’t worry
about moving [“simplicity of representations in CAD" vs. “complexity of BIM
3D models”] but now you have to...you know...check everythingbecause things
will move [“extensive conflict checking”] and...I've come across that a lot
[“frequent conflict checking”]...beams go up and down three inches and now
your drawing doesn’t look the same [“requiring extreme accuracy”]...so...and
that can happen the day of printing...so it's just one of those things

Figure 3.3. Sample of the labeling of potential phenomena in the open coding stage
(“opening up of text)

Figure 3.4 shows some preliminary conceptual categories and super ordinate

categories establistian the open coding stage.

SUPERORDINATE CATEGORIES |[CATEGORIES SUPERORDINATE CATEGORIES |[CATEGORIES
Exchange of data Tool affordances
Limitations of modeling-analysis exchange Conflict detection and resolution
[Smooth data flow Parametric flexibility
Partial use of model data Collaboration support
Correctness of model data Uses of model
Level of confidence with data exchange Work mechanisms
Shared repository of building data (Work distribution
Representing information Phasing of tasks
IAuxiliary data representations Task accomplishment
Representation of information Individual perspective
Early data input Analyst viewpoint
Communication Personal preference of tools
Communication patterns Expertise
Interpreting client requirements New experiences
|Ambiguity in requirements Modeling vs. analysis interfaces
Primary communication person Shared perspective
Conflicting intents Meeting target values
Previous collaboration Shared position
Decision making authority [Concurrence among teams
Level of collaboration Design constraints
Tool constraints Matching positions and goals
Resistance to BIM
Limitations of modeling tool for design
Complexity of interface
Computational limitations of analysis tool
Learning curve
Model ownership
Tool adaptability to mode of work

Figure 3.4. Preliminary categories in the open coding stage
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3.3.2 Axial Coding

The goal in the axial coding phase of the analysis was the continuous refinement
and verification of categories and establishing connectietaeen them. This usually
takes place once a saturation point is achieved, where the same categories and themes
keep emerging with no new divisions or interpretations. In this phase, links are usually
discovered and explained between dominate themeway @imilar to concept mapping.

This ongoing search for links and relationships required a process of revisiting and
examining for not just the results of the open coding phase, but also all the raw data and
observations prior to open coding. The procefssliscovering links and relationships
between the basic identified categories usually takes some concepts into consideration,
such as causal conditions, phenomena, context, intervening conditions, action and
interactional strategies, and consequences (&ir& Corbin, 1998). Causal conditions

refer to instances of acts that materialize a certain phenomenon. The property that each
instance within a specific phenomenon holds is defined as its context. Intervening
conditions describe those circumstances #ffect the outcome and progression of the
studied phenomena through a process of action and interactional strategies. In all of these
phases, the effects and responses to the phenomena are known as consequences.

Further distinction and development was ieatrout for the codes in this phase.
Revisions, eliminations and additions of codes were done continually along the process.
A lot of refinement was done to arrive at clear distinctions of the code descriptions,
mainly focusing on similarities and overlagdhe more multiple instances were recorded
in this phase for the codes, the more it was ensuring that they would be taken to a further
level of analysis and evaluation. This was all done along with the data collection and field
observation, and what resed from the new reading of text and revisits accordingly. The
inter-rater reliability group played an important role in verifying the fit and relevance of

the refined codes and description to the research inquiry.
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Codes were grouped under categories @abaeared to achieve best fit and portray
as much as possible a main theme that unifies these codes. For example, codes such as
data transfer limitations, partial use of model data, mapping between tools and
conditions, unused data, smooth data flow, <sharepository of building data,
understanding concepts of other disciplines, frequency of model data exchange,
unnecessary data transfer were initially placed under the preliminary super ordinate
categoryExchange of Datalhese still seemed too broad ameaed further revision.

After multiple iterations of refinement, addition and elimination, and upon
verification by the reliability group, the initial super ordinate categotghange of Data
and some of the subcategories within it were seen as partarfj@r Icontext which
involved interactions within and across teams. Other subcategories were seen as
belonging to other contexts. For example, codes that involved the nature of interaction
among teams and participants were included under the super ordiakggory
Interaction across Teansuch as understanding needs of other disciplinary participants,
and patterns of exchanging information. Others that involved interoperability problems
such as discrepancies in conventions and parameters, interface andradatar
limitations, incomplete information from the tool, and incorrect information from the tool
were included under the categdrycompatibility among ToolsOthers that involved
advantages of BIM tools such as shared repository of information, &orefy and
accuracy were included under the categofiferdances with respect to Collaboration

andAffordances with respect to the Toespectively.

3.3.3 Selective Coding

Selective coding provides central themes to be examined as the focus of inquiry
and identifies those that are incomplete but deserve further attention in future research.
In-depth analysis is usually conducted for those selected themes to validate the previously

defined links and relationships in axial coding, and create a moredasiadiption of the
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context of inquiry. Both data collection and coding end in this phase, where the same
types of data and themes emerge without further insight. Further revision and grouping of
codes under super ordinate categories was done in ordeivi® & overarching themes
related to the research inquiry. Continuous analysis was conducted for the final categories
to check for overlooked meanings or false interpretation and examine possible fit with the
established categories. This was done coatipwntil there were no more possible
reductions or further emerging themes. Figure 3.5 is a screenshot from the MAXQDA
(2010) software showing the final conceptual categories at the end of the selective coding
process. The top left portion of the scresmmtains the archived documents (notes,
interview and meeting transcripts). The bottom left portion shows the codes and super

ordinate categories. The right portion of the screen shows one of the open documents.

Project Edit Documents Codes Memos Atmbutes Analysis Visualtools Windows MAXDictio Language Toobars ?

e XSSP SR IALB L {8/[Z & o INTERACTION WITHIN TEAMiSupport structure witint ~ & & & L oL i E #1 % I {4
e
Document System ¥ 4 A WAL = x||[4 DocumentBrowser: Meetings\M1_03162010
= o [ T=
EBE 1207 = %61 Al | Let's see what else is here...we’ll try to avoid...and we’ll have to work on
[ i Field Notes 0|7 this...about trying to avoid a lot of modeling in there...if it's not necessarily
- g Meetings 34H being modeled | don't think it needs to be drawn in 3D...usually if it's seen in
- Interviens s .Cost of modeling 2 views I'll model it.if it's only seen in ane view it can be drafted...that all
:5 ::7:117;';113223115 : PRl depends on each object and each thing but try to keep the models as small as
=) 11 A3.02172010 50 possible because I've got into projects where you can’t do anything in it...just
+3 ll:M:UZZZZUIU 28 really wrecks the project
=+[E] 11.E1_02252010 40 62 A3 [ Canyou give an example where you wouldn't want...?
+[= 11_A2 03012010 18 Al | Let me see...
+[H 124 03012010 R A2 [ Il bet they are a lot less inclined to do extensive modeling than we are...it's
18 Code System ¥ LRI EL = x Bt s probably (unclear) directed to us (laughs)
= T 265 Al | Forinstance you can go in there and get a projection screen that has a crank
/=) Code System 1207 and all the stuff on there...but all you really need is a rectangular box...and
[]-++(E) EXPERTISE 0 [7]| |--Developing work- that's it...it's very simple...you can go and create round lights and round

+(E] New experiences 3 - Cost of modeling fixtures and stuff..you don’t need to..so we’re going to avoid that just to

#(Z] Expertise with using the tool 7 keep the model as small as possible

=@l Werk experience n 266 El | Butyou would model like the connection box he was talking about for flat
= L,,E_ARNWG PHOCES g screens? And create (families?) for that that can be dropped everywhere?

+@& Learning to use the tool 45 — s = =

il Liariiing how o ik 2 boddng Gacie 6 %67 A1l | we'll..yeah...I think it will be a...for instance...if we do a flat screen panel |
[-+(Z) TRANSITION TO BIM PROCESS 0 would create a rectangular box where all the wall in elevation has got

(] Resistance in accepting BIM process 27 P drafted rectangles so when you are in elevation view you will see the boxes

(& Gradual adoption of BIM tool functionalites 25 . .Developing work- in elevation view but you won't see them in plan view...and ifyouarein

#(&] Pressure to adopt BIM process 14 plan view you might see the symbols for the boxes in there...but we aren't
E1- R NTERIUBICES WIRY BESICT 0 T0L 2 going to model real boxes and wires and blocking and all that stuff

:3 ;:ﬁ;ﬁ‘:z%éimﬂw T; 268 V1 | That's what we found out that most of our stuff doesn’t end up in the Revit

+@] Effidency and accuracy s +.Need for model...l mean there is few elements that actually end up | mean..we

4 Conceptualization and reflection H discussed that

(&) Extraction of useful information 14 263 Al | Youknow a lot of it doesn’t have to be modeled...s0 the more you model the

#(Z] Tracking information along the design process 3 more memory it takes the slower your computer works trust me...when you
£+ &) AFFORDANCES WITH RESPECT TO COLLABORATION 0 c T sit there and wait for your computer to work it takes a while

VR o clobe: Barinond wiachion . M2 |1 guessi see that there will be some..we're just going to need to coordinate

"\J Coordination of information between particpants i 27 90:00 with you...we’ll take a shot at what we think we need to model and make

(=] Shared repository of information 16 :
-+ INCOMPATIBILITY AMONG TOOLS 0 sure what you are going to see...

Figure 3.5. A screenshot of the MAXQDAQR0) qualitative analysis software showing
the main emergent conceptual categories by the end of the selective coding process
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Although this method of coding and analysis builds on concepts and constructs of
grounded theory, the goal and outcome of thearh is not establishing a theory per se,
but rather providing a robust “thick description” (Geertz, 1973). This description
involved the main emerging categories and themes, and their corresponding properties
and dimensions. As a clear view of links aethtionships was established between the
predominate themes, both a narrative and graphic representation of the themes was
constructed along the study, describing the experience and goals of the personas and the
nature of interaction between them. Thissvgaipplemented by examples of text passages
from the different categories. The main categories, descriptions and examples were

presented to the participants for feedback and discussion.

3.3.4 Codes and Categories

Higher level codes, or super ordinate gatges, emerged through the use of the
approaches mentioned at the beginning of section 3.3, especially the second and third
approaches. The super ordinate categories that emerged were as follows (APPENDIX A:
Coding Guide provides detailed definitions an@mples for each of the codes):

1) Expertise which included subcategories of new experiences, expertise with using
the tool, and work experience;

2) Learning Processwhich included subcategories of learning to use the tool, and
learning how to put a buildgtogether;

3) Transition to BIM Processwhich included subcategories of resistance in
accepting BIM process, gradual adoption of BIM tool functionalities, and pressure
to adopt BIM process;

4) Affordances with respect to Toalhich included subcategories of visualization
capability, parametric flexibility, efficiency and accuracy, conceptualization and
reflection, extraction of useful information, and tracking information along the

design process;
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5) Affordances with respect t€ollaboration which included subcategories of
conflict detection and resolution, coordination of information between
participants, and shared repository of information;

6) Incompatibility among Too)s which included subcategories of incomplete
information fom the tool, incorrect information from the tool, discrepancies in
conventions and parameters, and interface and data transfer problems;

7) Cost of Tool for Participantsvhich included subcategories of cognitive overload,
design conceptualization problemsase of use, need for interaction with
participants within team, and need for representations external to the tool;

8) Cost of Tool for Teamswhich included subcategories of: rigidity versus
flexibility, cost of modeling in 3D, coordination and managemermrioad, and
need for interaction across teams;

9) Disciplinary Positions and Preferenceshich included subcategories of relevant
versus irrelevant information, perception of BIM representations, personal
preference of tools, level of confidence with theltduman judgment, desired
functionalities, and information needs;

10) Interaction within Teamwhich included subcategories of conflicting positions
within team, team reconciliation and negotiation, pressure within team, status and
comfort level within teamassignment of roles and tasks, support structure within
team, insufficient BIM data input, team knowledge history, and disconnect among
participants;

11) Interaction across Teamsvhich included subcategories of conflicting positions
across teams, reconcilian and negotiation across teams, concurrence among
participants, scope of involvement, understanding needs of other disciplinary
participants, participant status, developing workarounds in tool, and patterns of

exchanging information; and
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12) In Principle vesus In Practice which included subcategories of: expectations of

BIM, workflow efficiency, and phase of engagement in the process.

Most of the categories appeared to emerge from and align with the initial goals of
understanding how design intent is conmaated among interdisciplinary design teams.
In terms of collaboration and interaction among participants, some categories were not
anticipated, especially those that involved individual positions or intradisciplinary
interactions, such dsisciplinary Paitions and PreferencemdInteraction within Team
In terms of BIM tool capabilities, th€ransition to BIM ProcesandIn Principle versus
In Practicecategories and the range of codes within them were also unanticipated.

Determining the salience of the codes and super ordinate categories did not
necessarilyor solelydepend on the number of instances of occurrence in theMaxty
codes recorded very few instances of occurrence throughout the transcripts, such as the
needfor interaction with participants, but were seen as very relevant to the research
inquiry. Others, such as the cost of modeling in 3D, recorded much more instances and
were seen as equally salient. Determining that a code or high level category wds salien
however relied on a combination of its relevance to the basic research inquiry, number of

instances of occurrence, and the diversity within each code.

3.4 Verification

The research implement@dnumber of approaches fobtaininghigher levels of
reliablity concerning the proposed description, the established categories of phenomena,
and the generalization of results to other contexts. A number of ways are typically used to
evaluate the reliability of the research (Krueger, 1994). These includeratger

reliability, triangulation, and transferability. These are briefly described below.
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3.4.1 Inter-rater Reliability

Inter-rater reliability is a process where concurrence is established among more
than one coder in trying to find rigor concerning thethods used to code and interpret
results. The goal of this process is to identify the degree of similarity in judgments
between independent reviewers with a considerable agreement between them which
indicates high interater reliability (Touliatos and @npton,1988. This should generally
be within a 7580% range of considerable agreement.

The reviewers in this study were three graduate students in the fields of software
engineeing, public policy and architecture. They were all familiar with qualitative
analysis methodology, ethnography, and grounded theory coding, as they were mostly
using them in their own fields of research. The im&ter reliability process worked as
follows. First the reviewers were introduced to the research problem, questions and goals
over several meeting sessions. In the open coding phase and after establishing some
preliminary labeling, there were several informal discussions with the group about the
preliminary codes. The discussion involved the different interpretations of the reviewers
of the established labeling. There were often some rather heated arguments among the
group concerning alternative interpretations and reading of the text, espedidly
different disciplinary backgrounds involved. Codes were then accordingly eliminated,
retained or added based on the feedback of the group.

In subsequent phases of analysis, a formal document was provided to the
reviewers to assist in the verification process (APPENDIX B: Instructions to Reviewers).
The contents of the document were as follows. The research questions were listed to give
the reviewers an idea of how the selected codes attempted to address those questions. A
list of all to-date codes was provided, including all codes, their instances of occurrence,
and their higher level categories. In order to give the reviewer more insighthato
meaning and context of use of the codes, a brief guide of all codes was provided

containing a short explanation of what each code represented in addition to an example
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extracted from multiple transcripts. A sample transcript of an interview with btieeo
subjects was also provided. The reviewers were asked to read the sample transcript
carefully and use the provided codes in the guide and any other additional codes that they
saw as appropriate. They were asked to highlight phrases or paragraphhendse

one of the codes or introduce a new one. Meetings were then held with the reviewers to
discuss and validate the coding scheme according to their interpretation. The MAXQDA
(2010) software was used as a shared platform for the discussion, wiheewidwers’

coding was embedded together with the author’s original coding scheme.

A continuous process of negotiation and discussion with the reviewers then
followed, over multiple sessions, in parallel to the analysis and coding process. The final
pha® of discussion involved not just revising sample transcripts but going through the
coding guide line by line and code by code to verify best fit and naming of the codes and
higher level categories. This was helpful in expanding the scope across all coded
transcripts, as the reviewed examples and definitions enabled a wider range of discussion
around the used codes and higher level categories. Once a considerable level of
concurrence was achieved concerning the established categories, they were adopted for
the rest of the analysis and description process.

Feedback from the reviewers involved a number of issues at different degrees of
detail, including: 1) renaming or rephrasing codes to match their definitions or intent (e.qg.
visualization to visualization apability, or frequency of exchanging informatico
patterns of exchanging informatip@) restructuring some categories by moving codes
from one category to another to achieve best fit; 3) fine tuning the definitions of some
codes to understand if theyeve too broad and required splitting into multiple codes, or if
there were overlaps with other codes that would require merging; 4) defining the scope of
some codes (e.g. doesnflicting positionsnvolve positions about the design process or
the use oftie BIM tool, does it involve positions across teams or within the team?); 5)

suggestions of overarching themes in the description; and 6) clarifying the implications
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and dimensions of some of the codes within a category (e.g. in the caltetgoagtion
Across Teamsthe social component phrticipant statusand the cognitive component of
understanding needs of other disciplinary participamtske up a socigognitive account

that contributes tdeveloping workarounds in tgol

3.4.2 Triangulation

During the analysis and coding process, a process of triangulation usually takes
place, aiming at increasing the validity of the proposed description (Sevigny, 1978). This
process incorporates different viewpoints and methods, and other sources such as data
from the project building models, sketches and drawings, informal conversation, field
notes, personal experienbased interpretation and others. This sociological process of
combining multiple stances helps view the situation from a variety of perspectiveg. Usi
these and other triangulated techniques was helpful for-chesking, and searching for
more varying perspectives on complex issues and events (Wolcott, 1988). This process
was conducted early on during the analysis and was revisited at severahlsnterv
especially at the end of the coding process after much more insight was provided from
the completed data. There was constant comparison between the field observations and
the interpretations emerging from the interviews and meeting sessions. Tioisuether
refinement of the codes and categories resulting from the coding and analysis process.
Triangulation using data from the project BIM representations, freehand sketches,
spreadsheets, and other project documents was very significant in theatienfi
process. Interview samples, field observations, and the resulting emergent codes from the
analysis process were all continuously tested against these representations for their
applicability and conceptual fit. Model updates through the projectrsexre the basic
source of data used for this verification process. The archival of all the files on the server

was necessary for doing the conceptual fit comparisons.
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3.4.3 Transferability

The main focus after the inteater reliability and triangulatio processes was
how to address the relationship between the description and findings in the specific
context of observation and their applicability to other contexts, or what is known as
transferability (Lincoln and Guba, 1985). Transferability describesdegree to which
results from any qualitative research can be generalized or transferred to other settings or
contexts. Transferability was proposed by Lincoln and Guba (1985) as the qualitative
counterpart of external validity in quantitatively orientederia. The primary concern is
therefore not to generalize from the analysis or description of the observed firms, but
rather to describe the properties and dimensions of the emergent categories of phenomena
related to design intent communication in BIWhe goal becomes to discuss which of
these properties and dimensions are transferable to other contexts. This is further
elaborated by thoroughly describing the research context and laying out the assumptions
that were central to the research in eachecdis provides the basis for future
comparisons to any other BHehabled practice context, where researchers who would
like to transfer the results to a different setting will not just generalize from this case but

will be consciously aware and responsifor the sensitivity of that transfer (figure 3.6).

CONTEXT1

FIRM 1

¥ | 4 v
Emergent Properties & Context &
Themes Dimensions Assumptions
CONTEXT “X”
BIM FIRM “X”
: ' }

Emergent Properties & Context &
Themes Dimensions Assumptions

Figure 3.6. Transferability of specific context of observation to other contexts
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Based on the transferability process, the research aims to identify in detail the
main characteristics of the obsenazhtext in relation to the larger set of cases of AEC
design teams in BlMenabled practice. The main focus will be on the relationship
between the results of the research and that larger set in terms of basic similarities or
outlier features. ldentifyinghis set of cases will be done through analyzing generic
business models of BIM practices offered by software vendors, construction companies
or firms, as discussed in precedent case studies or annual survey reports. This will
determine where the observashtext in this research lies along the spectrum of cases in

the AEC industry. This will be discussed in more detail in Chapter 7.

3.5 Additional Methods of Analysis: Personas

3.5.1 What are Personas?

The concept of personas was introduced and populanzé&bobper (1999) in the
field of product design, and later adopted in huwoamputer interaction (HCI) and
related fields, such as information science, technical communication, graphical and
interactive design, industrial engineering, applied and workp&uéropology, and
cognitive, applied, or industrial/organizational psychology. In contrast to the notion of
typical usersof a certain product, personas depict fictitious, memorable, specific, and
concrete representations of target users that remain caonsgiin the minds of those
who design and build products (Pruitt and Adlin, 2006). By placing an engaging and
actionable image on the user, personas remain live in the minds of developers.

Historically, the notion of personas materialized after seversdegolents of user
representations in marketing and branding. One of these early user representations is
Moore’s (1991) “target customer characterizations” which provides an understanding of
individual customers in work environment contexts by portrayinggésaof customers

rather than market segments. These images contain characterizations such as personal
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profiles, job descriptions, technical resources, individual problems and “day in the life”
contexts. Upshaw’'s (1995) “customer indivisualization” providesmilar but a tighter

and more detailed description, where descriptive profiles and indivisualized profiles
underscore personal viewpoints and purchasing decisions of customers instead of viewing
them as being part of a mass population or market segiackos and Redish’s (1998)
“user profiles” represent further more accurate descriptions of users, including unique
types or classes of users. Carroll's (1995) “scenarios” extend the point of focus to include
not only users but also other dynamics suctsysdems and context, and networks of
actions and reactions, implying that users or actors are just one of the components of the
system. Other representations such as Constantine and Lockwood’s (2001) “user roles”
and Mikkelson and Lee’s (2000) user argpes highlight specific user characteristics
such as interests, needs, concerns, responsibilities, goals, technical skills, activities,
behaviors, expectations, in addition to the larger context of the user’s role, the objectives
of supporting that role,ral the market size of that type of user.

Cooper’s (1999) “personas” depict hypothetical archetypes of actual users, where
imaginary people are created to represent target users, but are only truly representative of
actual users upon the use of the desigmextiuct. Cooper’s approach to persoras
goatdirected design approachinvolves understanding distinct user goals, behaviors,
tasks, and simple demographic information, and designing towards their central
motivations and needs to achieve sustainabletiens. In this approach, the degree of
specificity and detail of persona description give the personas their value. Cooper argues
that design; product design solutions in this case, can be profoundly informed with goals

being at the cornerstone of tlaigproach.

3.5.2 Why use Personas?

Questioning the use of personas is typical; why not rely on conventional user

representations and market segments? The answer lies partially in Cooper’'s (1999)
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statement: To create a product that must satisfy a braadlience of users...you will

have far greater success by designing for one single perBgnfocusing on a smaller

group of specific users, it becomes easier to design for the larger population. The premise
is that a seftentered approach that is basedheads of participants is more efficient and
promising than the typical useentered approach that denotes the abstract user.

The term *“user”, according to McGovern (2002), & ¢atchall and a mean
nothing word that is more technology centric than peagatric’. Without enough
information about the user, it is hard to assert that any given product is being designed or
built for that user, who is or is not the target user, which users are satisfied and which are
not, or where points of conflict exist among different groups of users. These issues are
significant when the tool, process or product in question involves interdiseiplin
collaboration between multiple teams and participants, each encompassing their own
possibly conflicting- motivations, goals and viewpoints.

To acquire information about users, it is important to understand that they are
“real people” with needs, pferences and desires, and that studying those characteristics
is more complex than identifying “user requirements” as in specification documents.
Users are fairly complicated and vary in their individual goals and perspectives. To
anticipate their recogtion of a specific tool, process or interface, it is necessary to
identify their background, age, work experience, computer literacy, educational level, and
other types of personal information (Nielsen, 1993). By exposing such detailed, specific
and meanigful information, personas acquire some level of credibility that most user
representations may not have. This credibility is augmented when the different
assumptions about users are made explicit, and when information about users is
materialized anéhumanzed thus providing a concrete and well established alternative to
the abstract user. It is through this constraining and tightly defined representation that

multiple opportunities and possibilities of designing the product can be explored.
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3.5.3 Why Personas and not “Nebulous Users” in AEC?

As mentioned in section 3.5.1, the implementation of personas has emerged out of
the field of product design and is being adopted in other related disciplines. The question
is: why employ personas in the AEC domain;ywfot rely on thenebulous useto
develop software tools that support information exchange mechanisms as well as
practices such as sustainability analysis and constructability review?

To answer this question, it is important to realize that AEC proggetgomplex
projects that have a number of unique characteristics. First, multiple participants and
stakeholders are involved in AEC projects. Each disciplinary participant demands some
type of information throughout the process, and therefore the ovea#térn of
communication requires the continuous exchange and update of information. Second, as
individual expertise and work experience play an important role in practice, these
frequent updates of information often take place tacitly in the heads dfifteeent
participants (Kreiner, 1995). Third, AEC project workflows and practices are temporary
and customizable in nature (Gann and Salter, 2000), vary across projects, organizations
and single project lifecycles, and are sensitive to the continuouseanebnt interaction
between different organizations with their unique social cultures (Nardi, 1996; Taylor and
Levitt, 2007). Fourth, a conflict exists between standardization efforts based on the need
to integrate product and project management on tleehamd, and the inclination to
adjust software tools and information systems to local and organisgtémific project
requirements on the other.

As this research is concerned with exploring communication issues in the AEC
industry, and specifically in BA-enabled practice, it involves three main actors;
researchers (the author), developers (BIM software vendors), and users (participants in
AEC teams). Most efforts by researchers and developers have focused on generalized
data models of information systentBat do not explicitly formalize AEC project

workflows and practices (Hartmann et al., 2009). In general, those who research, study
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and observe users are not usually the ones who actually design or implement the software
products. Developers have also wemonstrated a sufficient understanding of the tacit
knowledge of AEC participants to develop systems that respond to local project contexts.
This resulted in a gap between the promised benefits of those systems and how
practitioners use them in AEC profs (Hartmann, 2008). In addition, the intensive
process of commercial software development and the lengthy update delivery cycles do
not allow for an efficient and timely response to the detailed needs of users. The premise
is that developers, aided bysearchers, would have a better aiuther picture of the

goals, preferences and expectations of each of the participating disciplinary teams, versus

whattheythink typical users like based on market segments or abstract concepts.

Conclusion

This chapter gesented the methods of study for this research. Through precedent
examples in the architectural profession and technology development, it highlighted the
importance of qualitative research and ethnography with respect to the main research
problem and goal of the study. It demonstrated how ethnography, through field
observation and interviewing, was used as the main methodology to identify the types of
interaction occurring in the context of Bishabled practice.

The chapter also introduced the unit o&dhetical analysis and inquiry (the
persona), as an additional method of analysis, seen through interactions with other
participants and artifacts in the context of practice. It demonstrated how personas portray
a richer picture of the preferences and gaxdleach of the AEC practitioners working in
a collaborative context featuring a shared BIM model and a set of concurrent or
conflicting positions. Introducing these personas in this sense aims at narrowing the gap
between the promised benefits of the Béabled process and what AEC practitioners

actually require in terms of tools, methods and workflows intdegay practice, rather
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than relying on the “nebulous user” perspective which may not necessarily represent or
satisfyall users.

The chapter alsodiscussed the data collection procedures, featuring field
observations, meeting sessions and open ended andtsaatured interviews, as well as
the process of transcription, coding, analysis, and verification of qualitative data using
grounded theory ating. The main conceptual categories identified in the study were
Expertise, Learning Process, Transition to BIM Process, Affordances with Respect to
Tool, Affordances with Respect to Collaboration, Incompatibility among Tools, Cost of
Tool for Participarg, Cost of Tool for Teams, Disciplinary Positions and Preferences,

Interaction within Team, Interaction across Teams, and In Principle versus In Practice.
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CHAPTER 4

INTRODUCING THE PERSONAS

This chapter introduces the main personas that were identifign@ istudy. These
personas were selected based on the most salient characteristics related to the basic
inquiry of this research. The chapter discusses the significance of using personas in the
context of AEC practice, and specifically in studying Bévidbled practice. Archetypes
from each participating team in the project under study are introduced, focusing on their
positions, goals, preferences and expectations regarding both the discipline they represent

and the representations and tools they intex&btin their everyday practices.

4.1 Introduction

The dissertation attempts to expose the contexts of interaction among different
disciplinary participants and teams in a tstep process. This chapter introduces the
personas that portray images of AE@agiitioners and their goals and needs. Chapter 5
highlights specific events that appeared as salient throughout the SG project that
demonstrate the nature of interaction across teams and practitioners. The following
sections introduce personas chosen & shudy according to their relevance to the
research inquiry. Sections 4.2 and 4.3 present personas in the architectural team, section
4.4 presents an+house consultant in the architectural firm, while sections 4.5, 4.6, 4.7
and 4.8 present personas lmgjing to AEC consultants; the landscape/civil engineer, the

MEP coordinator, the structural engineer, and the A/V engineer respectively.
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4.2 The Expert Modeler

4.2.1 Background

One of the key participants in the architectural team was (Al), a young architect
who was relatively new to the firm. He had just joined six to seven months before the
start of the project. (Al) graduated in 2000 with a bachelor of arts in design anddoursu
a masters degree in architecture while working professionally at the same time for an
architectural company and a famous A/E firm. He finished his architectural registration
exams and acquired his license in 2009. (Al) was the lead project architdot 6
project. He had been involved previously in other firms in a lot of production work and in
specific phases in projects, but was never dedicated to one project from beginning to end.
This was his first project architect job and so it was a new e for him. Most of
the effort and load in this project was handled by (Al), in addition to coordinating and
communicating with irhouse and other AEC consultants. He was also in charge of
modeling and sending out updates of the central BIM model tsuttants. His role
however was more of a production role rather than a designer.

(A1) was proficient in 3D CAD modeling tools. He used a lot of FormZ in his
school years and for his thesis work. During his work as an intern, he got more familiar
with other tools such as SketchUp, AutoCAD 3D and AccuRender, and got interested in
understanding the three dimensional aspects of a building through the process. With the
transformation to BIM tools, (Al) got to work on a lot of projects using Autodesk Reuvit.
He was the only one using it at his previous firm, and so it was a self learning experience
for him that did not involve collaboration with other architects, but he was the person that
people would go to for support and to ask questions. (Al)’'s confidemsgnip Revit and
CAD modeling packages in general gave him a reliable position and status within the
firm as well as the project team. AEC consultants also would go to him to ask questions if

they were stuck with modeling technical issues. Although relgtivew to the firm, he
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gained high status among other project team groups, but as an expert modeler more than a
designer. (A2), the project manager, and (P1), the principal architect, were confident that
(A1) would get the job done production wise, but)(R&s occasionally hesitant to rely

on his design decisions.

Figure 4.1 describes the main tools and representations used by (Al) in relation to
the BIM base model which is shared by all participants via the project server. (Al) relied
mainly on the Autodsk Revit Architecture package, both as a conceptualization and
production tool, in addition to freehand sketches which he used in the schematic design

phase in conjunction with Revit.

PROJECT ARCHITECT (A1)

Freehand REVIT BIM Base
Sketches Architecture Model

Figure 4.1. Relation between the tools and representations emplptiesl firoject
architect (Al) and the BIM base model in the SG project

4.2.2 BIM as Design Thinking Tool

For (A1), who was an expert in many 3D modeling packages, Autodesk Revit
became not just a production tool but also a design thinking and concepinmalipat
which offered different layers of information and representation, such as space adjacency
and project cost. From previous experience, he would use Revit as a tool to produce basic
schematic building blocks and geometrical modules to study redadith proportions of
programmatic spaces. This wastackingprocess for (Al):

Al: So we start seeing how things stack and work out, because you have all the parts and
pieces of the building but you have to make sure that they stack, and get yous atidor

80



then you have to start kind of working out spatial relationships with that, and getting all
the building programs kind of work together.

In this process, the horizontal and vertical arrangement of modular spaces was the
main driver for composing thlerm and function of the building:

Al: I've started arranging those kind of in a grid of what the structure may lay out to be,
so I've got all three floors laid out in one floor and just start to align things and see
square footage wise how we fit thstogether you know certain spaces need to be next
to other spaces and just try to get an idea for the massing.

(Al) found Revit to be an ideal environment to carry out this process. It allowed
him to continuously organize his building blocks withie constraint of the tentative
structural grid throughout the schematic phase until a satisfying solution was achieved.
He saw the automatic adjustment feature of Revit as a facilitator during this process:

Al: First of all we use a little programming poyn of what we’re doing we're still

doing that room by room and kind of laying out each room. Now each one of those rooms
is in a group, so | copy that groupnvhenever | make changes to it, it will automatically
change.

With this feature and othera mind, (Al) set up the project and the associated
workflows in a way that takes advantage of the functionalities of Rewespecially
parametric functionalities to the fullest and at the same time allows for efficient and
flexible response to ongoingeslign development or to any anticipated variations. One of
the issues that (Al) attended to early on in schematic design was the continuous
fluctuation of the square footage of the building:

Al: They |[client] have got a certain amount of money but at thmestime the
construction market is so volatile that we’re not sure if we can build 80000 square feet or
a 100000 square feet. And essentially since they’re getting this money from the state they
want as much building as possible. And so we’re going tdotryet them as much as
possible but just have to be flexible at the same time.

(A1) tackled this issue by means of a systematic but flexible approach, where he
used the modular system in the BIM model to account for anticipated additions (and

possibly eductions) to the building square footage:
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Al: We're looking at kind of adding bays on to the end of the buildiagd we have 3
bays— like a 30 or 40 or 50 or 60 foot segmensomething significant because if you

had a 10 foot bay on the end of tn@lding that’s kind of space that’'s not really usable

for classrooms or things so we're looking at providing the option 6fif the bids come

in at a certain amount we can add on 30 feet of building and just add on another bay or
we can add on 40 feetjust kind of stretch the building a little bit on the end so it's
relatively easy to fix.

In doing so, (Al) worked with the modular system with an eye on both square
footage and project cost to satisfy the requirements of that phase:

Al: The old plan haa lot of extra lobby space in it so essentially we just came through
here [in the floor plan] and just chopped out different parts and pieces and that affected
in the spreadsheet affected a lot of this other stuf numbers down here so we're
actuallyless than what we put in here right now.

According to (Al), this approach paid off at the end of the schematic phase
because everything was set up early on, even when there was an unanticipated delay in
progress and funding, and several iteratioascerning the final square footage of the
building:

Al: | mean we were on hold for a month or so and then we said ok let's go ahead with
schematic design so we did all this in about a week or a week and a half to get it out to
them—and not a lot changed | mean a lot changed but the first thing was in Revit so all
the drawings were kind of set up.

He also used the “design options” feature in Revit to develop different design
schemes to present to the client. These schemes represent standalonevedtefiorati
specific portions of the building:

Al: 1t works well for plan layouts- if you're doing office layouts or something you can
do option 1 and then you turn and then you turn it off and you have option 2 and it will
pop up—kind of standalone options

Although (A1) was an expert modeler, he did not rely exclusively on Revit as a
tool from beginning to end because he believed ‘dmtmuch as you get out of Reuvit it
does tie you down somehowHe tried especially at early stages not to get into Resvit

long as possible in order to gehore stuff on paper’ His approach was rather a back
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and forth process, where he would lay out basic massing and geometry in Revit and
continue more detailing and material study on top through freehand sketching:

Al: Now | will take a basic Revit model which is a basic block or something which is 3
stories high maybe and put a sloped roof on it to get an idea of what the overall massing
will be and then start to put a grid on the face of it and print that out and usashay

basis for sketching over because that then gives me some parameters where | don’t
have to go and set up a 2 point perspective from scratciready have it in there but it
gives me the basis to start looking at.

This was always the case cwgischematic design, where it was hard for (Al) to
manage everything in Revit although he preferred to have everything embedded in the
model or at least in digital format to propagate the information throughout the process.
(Al) however found that he camasly get caught up in redundant or unnecessary
detailing in the modeling tool, particularly in schematic design where he is not even sure
whether he would use those details later on. He therefore preferred to hand draw these
details and test some massangl material studies on alternatives of a base or raw model,
then work in alternation between the model and the freehand sketches:

Al: It's kind of collaboration between the twoyou draft, you go into Revit and you
model something, you go back to sketeér it, you print it out and sketch over it, you go
back and you try something new and you print it out and sketch over it.

4.2.3 Capturing the Essence of the Tool

(Al) had worked on several Revit jobs previously and this allowed him to grasp
many of tle features of the tool and orchestrate the Revit modeling aspect of the project
among all AEC consultants. He was responsible for setting up sheets and preliminary
modeling standards within the team, as well as managing the project web server for
exchangig model data among all participants. His expertise enabled him not only to
specify modeling strategies for his team and for consultants, but also to recognize which
methods would be successful or not with respect to time, file size, practicality,

coordinaion and other issues.
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(Al) expressed strong conviction in the advantages of Revit in terms of
coordination, efficiency, conceptualization, tracking of information and visualization. At
the same time, he demonstrated a balance between understandingctiondlities of
the tool and capturing the essence of the tool. This was essential for him because it gave
him the sense of being in control and not being manipulated by the complexity of the
tool, and so he emphasized things like being ablegébd’ quidk design without getting
bogged down with all the Revit buttdrasd not getting €aught up in how Revit forces
users to work in a certain way. For example, the way (Al) used Revit in schematic design
showed how he understood that the tool could forcesiss to model walls at a level of
detail that is not quite necessary at this stage. He developed ways however to overcome
that problem:

Al: Just because you can draw a wall with gyp board and metal stud and sheathing and
insulation and brick and all that doesn’t mean you have toyou can go into Revit to

draw just a 12 inch wall and use that as kind of a holding ptaaed you can paint it so

you don’t have to do all the material stuffyou can just do a paint to do a schematic
design.

He realizedthat some architects in his team or in the firm were stuck and
struggling to define that level of detail, and are frustrated with the additional setup at the
front end that they had to do:

Al: But a lot of people get caught weverybody says there ida@ of front end work to

get everything just right well you could think of it like that but you don’'t have to sit
there and figure out all the detatsit’s still like drawing with a fat marker you know in
the beginning- in Revit you can do that stilhstead of picking out you just use the
generic wall-you don’t need to get into what kind of window frame is this which a lot of
people do-so there are ways to do it.

This understanding led him to think that much of the overload and excessive setup
that architects in his team complained about resulted from the notion that a sophisticated
tool such as Revit, while enabling the automatic extraction of details or sections from a

single model, can result in a lot of unnecessary information. This introdocegditional
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burden in terms of coordination and management, and is not necessarily efficient,
regarding both workflow and communication of information to other participants:

Al: It makes it really easy to produce a lot of work for yourself that isceéssary- like

for instance you can do a couple of details or something of one area and that will cover a
majority but sometimes we go in and cut details for wall sections all over the place to
check stuff and they end up in the drawings and then youtbawanage that drawing

itself so it can add a lot of workso you still have to know how to put a set of drawings
together.

(Al) was also still aware that what instigated this dialogue in the first place was
the conviction that embedding informationarBIM tool early on in the process enables
the automatic extraction of information such as cost and scheduling, and tracking project
information for facility management purposes. For him, this meant'ahiat of people
know what Revit can do so they estpgou to do it early; and introduced a conflict
between raised expectations and the pragmatic perspectigetong the job done”

Al: They say like oh you can get me an exact square footage number right off the bat
and I'm like well maybe we donfteed to just quite yet we can estimate, and for this

one [project] we had an exterior wall schedule quantity schedule so we knew exactly how
much brick and stucco we're usirgonce you tell somebody that, they expect that from
you— so it's a good toobut sometimes it can make people’s expectations really-high
which is good but at the same time it’s a lot of extra work that may not necessarily be
done.

4.3 The Intern/Designer

4.3.1 Background

(A4) is a young intern who had just joined the architectural firm for several
months with very little work experience but a talented designer with a professional
masters degree in architecture, a masters of science degree in historic preservation, and a
good record in teaching design studio. To (A4), working at the firm is still like school to
her. She considers practice as part of the education and sees a split between academia and
practice. That was part of why she decided to go into practice for a béfdee going

back to teaching. She came to the firm knowing that she had a lot to learn both about
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“how to put a building togetheand about working with BIM tools, especially Revit, to
be able to carry out the tasks required from her and cope with okaotegy.

(A4)’s typical day at work is a very busy one. She was not fully dedicated to the
SG project, but as an intern she worked only 16 hours per week for this project, and the
rest was split between marketing work and being dragged in other préjectsypical
day was usually full of continuous deadlines and assignments for different projects that
can reach 10 simultaneous projects. Despite this load, she was assigned a significant role
in the project. Most of the design and production effort wasednn(Al) and her, in
addition to (A5) who joined later on to assist because of her incompetence in using Revit.
(A4) realized that because she was still new and not that knowledgeable in either the
tools or the profession being in her first project, Bld less Weight and consequently
less authority within the team. She describes her arguments and opinions as being
listened to but opposed by (P1) most of the time because it was not her decision at the
end. She also thought however that (P1) and (AR)ed her ideas and role in the project,
or else they would not have assigned her responsibility of that part of the project. Figure
4.2 describes the main tools and representations used by (A4) in relation to the BIM base

model.

ARCHITECT (A4)

Freehand Adobe
D
Sketches Photoshop

Physical

models
BIM Base

Model

REVIT
I
Architecture

Figure 4.2. Relation bereen the tools and representations employed by the architect (A4)
and the BIM base model in the SG project
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(A4) relied on a combination of freehand and rendered sketches, physical modeling and
3D modeling. The sketches and physical models were used by nGd4dtly in the
schematic phases of design. These were used indirectly by other members of the team
who did the necessary modeling in Revit. As (A4) became more competent in Revit by

time, she contributed to the model, although only in minor portions.

4.3.2 BIM as Enabler of Design Production and not Conceptualization

For (A4), Revit is more of a production and coordination tool than a design
thinking tool. She preferred alternating between freehand sketches and physical models in
the early design phasesdgrpress her ideas. By time she became more confident in using
Revit and felt she could carry on her design in the modeling tool. She was more inclined
to use Revit at a later stage in the design process and not for schematic design:

A4: | mean it's probaly good at the end of the DD to have the moed#lat would be
good but until then | don’t see the point of it.

She still believed that this may be partly because of her incompetency with the
tool and the struggle of dealing with functionalities of Révidtt are not related to design
such as model ownership and worksets. Furthermore, she thought she would be able to
“use it as a design tdotather than just using it at theXecution stageprovided that she
learned more about the details of how Revitrkgo On top of that, she believed that
because Revit forces practitioners fwdvide so much detdilmakes them fall into a
trap”, where they are compelled to think about detailed information that is not necessarily
available at early stages of desighisicasts doubt on Revit aa Valid tool for desigh
in addition to its suitability across the phases of the project as a tool thadtigot
schematics

A4: If we feel comfortable with using SketchUp or MicroStation or whatever in different
stages othe project we should be able to do thatvhat bothers me is we need to use
Revit from the beginning till the erdbecause I'm very sure that Revit is absolutely a
wonderful tool starting from a certain point in the design process.
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Using a BIM tool ony “starting from a certain point in the design processs
also essential for (A4) because of the needrpfovisé. By improvising, she refers to
the ability to develop workarounds within the tool to achieve a certain design task
without being impededy the rigidity of its functionalities and the associated steep
learning curve:

A4: What | find frustrating about Revit is the fact that you can’'t improvise because it
comes— and | understand why because any command comes embedded with a lot of
information —so even if in drawing if | want to arrive from point A to point B | can only

do it in one way not like thatso that's what | mean | can’t improvise...well there is only
one way to do it in that certain condition for that certain drawing for tleatain sheet

for that certain view.

This makes the tool limiting for (A4) in terms of possibilities and methods.
Implications on decision making, design conceptualization and development
fundamentally affect her appreciation of the tool and hamper theegsf exploring
design alternatives or reflection. Having to specify countless details and input a lot of
parameters a priori forces her to think in a certain direction which she had not originally
intended:

A4: How am | supposed to have that knowleddgedon’t even care if it's storefront at

this point—I'm trying to compose the facadd don’t care if it's a piece of plastic right
now— | don’t care if it's a storefront I’'m going to assign it to be a storefront later if |
wanted to- why would Ihave to decide it's a storefront knowing that it's going to cut in

a certain way through the wad that is a stupid thing because the more | decided it's a
storefront it's going to lead me to certain kinds of design because it cuts in certain ways
throughthe wall- so then where does that leave us? To have that detailed knowledge
about the storefront and what the storefront does and know the limitations yfut still

need a vast amount of knowledge to treat this as a tool and improvise.

4.3.3 Questioning the Sole Use of BIM tools in the Design Process

(A4) was nervous at the beginning of the project and felt out of her comfort zone
with using Revit. She was always in advantage by drawing by hand, and was afraid that
the tool would constrain her amdanipulate her, like any other computer software. While

she preferred sketching and was relatively novice with Revit, she repeatedly questioned
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the notion of exclusively using Revit in the design process, highlighting the importance
of alternation betweedifferent tools and being able to make a pick that suits best not
only her personal preference and familiarity but also the design phase, the thinking
process and the nature of the design task:

A4: Ok | have these 5 tools what tool am | going to pick thaoing to help me best to
create design that way and inevitably pick the tool that you are most familiar with so you
won’t be encumbered by not knowing the tool and being a slave to the tool.

This notion of being a slave to the tdoas a frustratingexperience for (A4)
because: a) the functionalities of the tool did not allow for much flexibility or breathing
space in terms of conceptualization or reflection, and b) in terms of workflow and
coordination, Revit was the sole medium for expressing idemas exchanging
information among participants. (A4), as a novice Revit user who was trying slowly to
make her way and fit into place with the “Revit loop” among all team members, was
continuously bombarded with phrases lilk@h‘it's a Revit thinyand ‘“this is how Revit
does it, leaving her with very little room to ber control’ and use the tool to express
her ideas:

A4: I'm nervous about it because I'm supposed to have everything in -Relvétve no
idea how to do it and because | have no idea howdtwit I'm tempted to stop designing
and just build it in Revit but | need to design it because it is not desigaéts just
some masses so right now I'm designing- of course I'm designing and then I'm
thinking at the same time how am | going toéhlus in Revit.

The fact that (A4) has tahave everything in ReVitvas limiting for her, partially
because she felt incompetent with the tool, but also because it was far more critical in
terms of her thinking process. Revit for her was a mediumusi build’ in and not to
actually ‘desigri in, and so being forced to use Revit exclusively throughout the project
meant she wastémpted to stop designihgThe representations that she could barely
create in Revit were still fot designed and so she hado: a) translate these
representations to another medium external to the modeling ttedjgfi and reflect

through that medium, and chuild” her “designetl representations again into the
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modeling tool. This continuous loop had many implications on)'6Athinking and
perception process:

A4: It doesn’t make me think in 3Bnot in 3D it doesn’t make me think geometrically
when | said 3D | meant geometricatyl mean it is geometry because it's a wall but that
wall has stuff inside- it's not a wall—it's not abstract enough when | want to design |
want a tool that is abstract enough so | can assign meaning to it...I want a wall to be as
abstract as a wall- | don’t want a wall that is either a gypsum board or this or this or
that—1 don’t need thakind of stuff at design level.

The notion of an dbstract representation or medium in this description implies
not only a desire to reduce complexity or amount of detail but also to liberate from the
captivity of continuous decision makirrdles thatslow down the process and cause
frequent stops. There was therefore a struggle a@ssign meanirig to these
representations in the tool at any time later on in the process, and not have to define every
single detail for every building element from day Xha project.

The captivity that (A4) recurrently expressed in terms of reflection and studying
design alternatives, and the intricacies associated with even conceptual massing and
slightly complicated geometry, forced her to relocate her effort in usihgr media
(including freehand sketching, diagrams, or even other software tools such as SketchUp
or Photoshop) as an overlay:

A4: Unfortunately Revit doesn't allow you to studywith Revit you don’t have much
freedom creating all these shapesdidn’'t even know how to make a stupid tilted plane

and in the end | said it's just complicated and | was calling people that knew what they
were doing and | said I'm just going to draw the whole thinidl print this and draw

over it— I don't think you can fily rely on Revit which is a shamenot yet— but we all

do this kind of stuff we do some massing in Sketchup or Revit then we do it in sketch then
we photoshop then we do something else.

The personal preference or the distinction in itself between Raditany other
tool or medium was not the ultimate goal for (A4); it was rather the ability to choose
from multiple tools and alternate between them in a way that serves the purpose of the
design:

A4: I'm used to a certain type of imagery in design whilthie sketck and that’s not
more true to reality than stupid Revit4ghan the stupid line is they are more abstract
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—one looks prettier than the otherbut I’'m not sure one is more of a valid tool than the
other.

Most of those media weran6t moe true to reality than each other to (A4), as
they were merely representations of a building, whether those representations were
sketches, 2D drawings, renderings, or 3D building models. The significance to her in this
case was using Revit as any othesl@nd giving it the same weight, instead of relying
solely on it as the predominant software that all AEC participants must work within, and
“tossing away all the other todis

A4: | wish we wouldn’t toss away all the other software or all the other taotshave

just one software be it Revit be it SketchUp be it anything else that we’re going to use and
that would be the only onel mean | wish we could use Revit just as any other tools we
are using and just to be one tool among many.

This would avoiddifferent participants from beintdragged into this kind of
thing where everybody is forced to use one software over the' atindrallow for using
modeling tools such as Revit aa tool of design as valid as the otherdResolving
issues related to inteperability and data exchange, according to (A4), should be of the
concern of software developers and not designers. Therefore the idea of an all
encompassing tool becomes futile:

A4: | understand the reasons behind it but we’re pushed inktgust wantto have a
choice— am | hoping for the next best thing to happefor the next best software that
encompasses all thisthere is never going to be something like thismean let’s face it
—we're going to use this for thisthis for that- this for the other one.

To (A4) however, using multiple tools for conceptualization and production, and
having an all encompassing tool are not necessarily mutually exclusive. They just need to
be addressed and structured differently:

A4: | used to be able to knowotv to draw a line in Photoshop for exampléhere are

just a very few ways to do it and it's very limiting and | found my own ways to do it so |
was limited by those two tools that | havevell then | discovered a while ago that you
can do that in lllugtator you have all those 400 options to do it at a click of a button and
some day what | was producing in photoshop changed because | was working
alternatively so | could produce ten lines in a secerahd because | could produce ten
lines in a second ididn't become a frustration and | could start creating something out
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of those ten lines so what | think maybe Revit... because | don't think striving forone
striving for the software- the one... | don'’t think it's achievable to have one software
that hasit all.

The core principle here is making use of different functionalities frosuéée” of
multiple tools or external representations, all of which satisfy the preferences of different
designers, the best fit for each of the phases of the project, and at the same provide a
coherent and integrated medium for information exchange:

A4: Are wegoing towards a direction where everything is going to be unified? Are we
going to have one software that is going to encompass them all? Because | already see
the tendencies... so you have suites... that's some sort of unification... I'm looking
forward for that time when | will be able to use one part of the suite for schematic
another one for whatever.

4.4 The Cost Estimator/Contractor

4.4.1 Background

(C1) is the in house cost estimator at the architectural firm. He holds a
construction management degred arprofessional career that involves about 27 years of
experience, 10 of which were at a big construction company and 17 years at the firm.
According to (C1), he represents the contractor’s perspective in the firm, which implies
not only making sure thahe design proposed by the architectural team is within budget,
but also being able to efficiently and accurately extract the information needed by a
contractor. In other words, if he is not able to extract that information out of the building
model, the ontractor would probably not be able to either.

(C1) works on providing estimates and budgets for all the projects in the firm,
with all its departments including housing and mixed use, culture and arts, education,
science, and historic preservation. (8Xgsponsibilities are primarily in preconstruction,
ranging from early prelesign budgets to detailed construction document estimates. In
this project, (C1) worked closely with (C2) (an outside cost consultant) in the schematic

phase and towards desigevelopment. (C2), being an expert chief estimator, represented
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a reliable second opinion and support person. In the subsequent phases of the project,
(C2) was hired to continue the cost estimation and take off effort, as (C1) was pulled off
the project tavork on another large scale project.

As (C1) was the sole in house estimator and consultant within the firm, his
arguments and opinions were highly important to the architectural team and other teams
in the firm. He believes that most architects havdaehdency to design with cost usually
as an afterthought rather than an integrated part of the design process. Consequently, he
was not confident with any quantity take offs from the architectural team, and he had to
go through the model himself to extrédotliable” information. He was also responsible
for coordinating estimates with the consultants, especially structural and MEP.

Figure 4.3 describes the main tools and representations used by (C1) in relation to
the BIM base model. (C1) relied mainly ¢ime OnScreen TakeOff construction cost
estimating software and MS Excel spreadsheets to generate his estimates, especially in
the schematic and design development stages. The estimating software imports PDF files
extracted from the BIM base model. Neae #nd of the project, (C1) was undergoing a
transition to more advanced estimating tools, and was testing the Innovaya visual

estimating interface and Timberline software, which had direct interfaces with Revit.

COST ESTIMATOR (C1)

Microsoft & On-Screen
Excel TakeOff

BIM Base
Model

Timberline «—— & Innovaya

Figure 4.3. Relation between the tools amoresentations employed by the cost estimator
(C1) and the BIM base model in the SG project
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4.4.2 BIM as Overrated Process/Product

One of (C1)’'s main concerns was that the so claimed automated process of
guantity take off using BIM was a highly overratgwcess. At the same time, he thought
that in order to achieve this level of automation, architects would have to draw every
single detail and embed every single piece of information in the building model, which is
unrealistic because they are never paido that. (C1) viewed BIM tools as being sold as
doing something that they do not yet do:

C1: I'm not assessing blameif I'm blaming anybody I'm blaming the folks that are just
selling this process as a be all end all.

(C1) compares BIM to any newbzword or approach in the AEC industry that is
the ‘fatest greatest thirigthat everybody claims it is going to change the way design or
construction is done. All AEC participants would then ask each other whether they were
doing BIM or not, without necesarily knowing how useful it is for them, but just
catching up with mainstream tools and products in the industry:

C1: The example that | have always used is TQMtal quality management which

when | was working for a contractor everybody was talkiQdvTand this new approach

—and everybody would ask when they sat down to meet do you do TQM? Oh yeah we do
TQM—what is it you know? So BIM | think when it first came out | was thinking TQM.

The real test, according to (C1), for assessing a pidtluct/process is whether
AEC practitioners are still using it a few years later, and that would indicate if it was
worth its value or just amarketing thingthat the folks that go to seminars and come in
and do luncheons talk abdutThe efficiency of he process is questionable for him as
well because architects’ models are still being reconstructed by contractors for their own
purposes, and so the process and workflow is not as smooth and integrated as claimed:

C1: The guys that are selling it to owseas this powerful tool | mean what are they
doing? They are taking the architect's model and they are rebuildirgtitey are
rebuilding the model in a way that is useful to thehmean that's not efficient.

To overcome this overrated assessment of the process, (C1l) prefers continuous

conversation with architects and other AEC practitioners rather than a full fledged
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automation of the quantity take off and cost estimation process. This integration, which
requres more of social interaction than tool functionality development, should produce
reasonable, reliable and efficient results according to (C1):

C1: In theory we should have this dialogue between myself and the desigtiees

people that are drawing i to make sure that we're staying within budget because we
will establish a budget early in the procesthe challenge that | have with architects is

that most want to designa as an afterthought usually is the cost, thinking more about
design and less albb what it costs- until they are actually through with the design then

they start figuring out what it costs rather than sort of integratingecause once it's

done and we find out it's over budget then you still have to redessgnthe idea is to

keg one eye on cost and one eye on design as you are designing to make sure that you
are designing within budget.

4.4.3 Trusting Analysis Results from the Tool

(C1) and (B1), the BIM manager at the firm, were undergoing a transition process
during the projet, moving from the OnScreen cost estimating software, which relies on
pdfs of the building model, to automatic quantity take off using Revit, Innovaya and
Timberline. However, (C1) was not that confident in this automatic cost extraction
process, and heebeved that there was some sort of disconnect in how cost information
is extracted from Revit and whether or not it was useful to him from a costing standpoint:

C1: We took those Revit schedules and tried to make them reasonable and exported them
into Exel to produce a spreadsheet that had information that | needed or values that |
can manipulate to feed into an estimate but it just took a lot of effort and we realized
fairly quickly that what we were having to do with these Revit schedules was time
consuming and we were probably-reventing the wheel doing that.

Some of the costelated information extracted through Revit schedules was fairly
trustworthy for (C1), including count items such as the number of doors, windows and
other quantities. He foundount items to be the most reliable since there is no
“subjectivé component involved, although some subtleties in the tool could introduce
some risks:

C1: Count items would be the low hanging fruit but there is still the risk of a group of
doors being dran off to the side or torn off on another sheet or something like that and
they get to be included in this quantity.
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The exported schedules however often lacked certain attributes or other pieces of
information, such as units of measurement or type of niagtéhat were necessary for
(C1) to conduct his calculations and estimates. This forced (C1l) to go back to the
drawings and make frequent checks instead of relying on automatically generated figures:

C1: Let's see if | can find a good examplerecast atry stair 1— precast entry stair
doesn't really tell me what | need to knevgo you are always going to have-t@ven if

you got a schedule or you are exporting commaodities from Revit to wherever then you are
still going to have to go back and looktae drawings to see.

These figures were mostly ambiguous or abstract, and (C1) had to make many
guesses and assumptions. He thought the architects were more capable of providing those
assumptions than he was, since they were more involved on the ddsign si

C1: What | think the way that it should be done is rather than me making those
assumptions, they are more qualified to make those assumptions than | am in some
instances.

As (C1) was receiving mostly abstract and vague information, (C1) had to go
through the tedious process of checking the drawings to make sure his estimate is built on
credible data. He often found missing data or parameters related to some building
elements, something which was extremely frustrating especially when he was scrambling
trying to meet a certain deadline. This then was not a problem related to the tool only, but
shows that the architectural team was not fully or correctly representing the information
in the BIM model. This occurred particularly in schematic design, whexe were
reluctant to make critical decisions. All these factors combined affected (C1)’'s level of
confidence in the quantity schedules generated by Reuvit:

C1: Let’s say that you could print Revit spreadsheets and quantities and everyjhsig

print themout and hand them to somebodythe problem with that is that you are
assuming that the architect is drawing everything correctly and everything is labeled as it
should be and no duplications and all that stuff and Revit just grabs all of those
guantitiesand puts them in a spreadsheet and there you go.

This skepticism in the results coming out of Revit reflected a desire from (C1) to

be always in full control of the inputs and outputs of the cost estimating process without
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being misled by unreliable datele was not sure he could trust any data that he had not
originally tabulated, examined or gone through in detail. Using quick comparisons
between selfjenerated estimates and others generated by Revit, he came to trust more
the selfgenerated ones, nohly because he initiated them, but also because he felt in
control of the process of reviewing and keeping track of the estimate along the phases of
the project:

C1: Let’s call this an OnScreen schedule and this is a Revit schedutgan just from
looking at that versus that | can see the differenteit the good thing about this is that
I’m the one that named all these.

4.5 The Landscape Designer

4.5.1 Background

(L2) is a landscape architect holding a landscape architecture degree with 7 years
of professional experience, 2 of which are at the civil and landscape firm. (L2) represents
the engineering perspective in the landscape design profession, which impljastnot
pretty picture conceptual design work, but primarily storm water design work and
infrastructure design. (L2) is project manager and works with a senior engineer as well as
a CAD production group. His main role is the conceptual design work andgg#tén
engineering work done. Although (L1) was the primary contact for the project in terms of
communication with the architectural firm, (L2) was heavily involved in coordinating the
landscape design aspect of the project with the architectural teaopikisns regarding
selection of outdoor materials, planting, and hardscape were significant in the design
process, especially while interacting with (A4) who was responsible for landscape
coordination in the design development phase of the project.

In terms of coordination with the architectural team and AEC consultants, (L2)
emphasized throughout the project phases that all teams were working inside the building

while he worked on everything else outside the footprint of the building, including
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utilities and civil work, implying a sense of separation of roles and work mechanisms.
This was evident in the frequency and nature of communication between the civil and
landscape team and the architectural team. There were many dormant intervals between
the comeptual phases that featured physical meetings and informal communication, and
the final construction documents phase. (L2) worked quite separately on his own
calculations and assumptions based on the information he got at the beginning of the
project withrespect to utilities (land survey) and building location (from the architectural
team), and then proceeded with minimal communication from that point onwards.

Figure 4.4 describes the main tools and representations used by (L2) in relation to
the BIM basemodel. (L2) used, in addition to freehand sketches for conceptualization,
some analysis tools such as HydraFlow and Civil 3D. These had direct interfaces with
AutoCAD which was the main production platform. Interaction with the BIM base model
was only though DWG files generated by AutoCAD and its civil amlts, and embedded
into the model to show updates of the project 2D site plans for the rest of the

practitioners.

LANDSCAPE DESIGNER (L2)

Civil 3D

|

Freehand AutoCAD BIM Base
Sketches Model

I

HydraFlow

Figure 4.4. Relation between the tools and representations employed by the landscape
designer (L2) and the BIM base model in the SG project
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4.5.2 BIM as Domain Exclusive Tool

To (L2), none of the 3D aspects in the civil and landscape conceptual analysis
models need to be communicated to the architectural team unless they need it for
presentdon and rendering purposes. He makes a clear distinction between the nature of
representations in the architectural domain and those in the civil and landscape domain,
and consequently the tools employed in each. Compafiag glane$ to “building
strudures, he describes these planes as being perceived by architects as simple
“pictures” for the most partdhce they get outside of the buildin@his makes them
“rough i’ these planes as 2D elements such as parking lots that do not imply complex
geomety according to his description:

L2: Usually we don’t have anything that complex mean the base thing the three
dimensional item that we have is earth works and we're basically making a three
dimensional model of #the computer sees it as a thienensional model but rarely do

we ever put it into an aspect where you are looking at a three dimensional model.

So there still is a 3D component to the representation, including terrain modeling
for example, but he describes the product coming ouhefarchitectural domain as
completely separate, where he uses ttwotprint of a building in doing everything
exterior to it and the architect uses th&btprint going ini. In these separate areas of
work, there is also an implication of dldtter” nature of the drawing, where terrain
differences can just have some intermediate breaks or only five or six inch increments,
but inherently looking quite the sanieGiven this discrepancy in complexity between
the civil and landscape domain and others, @g8s no need for such a tool:

L2: If their objects are three dimensional in the interior of the building they are totally
useful for them- | don’t have any need for # period.

This implies an inherent burden having to model elements three dimensionally
There was no need according to (L2) to represent most elements three dimensionally, let
alone communicate that information in a BIM model to other AEC participants. He

understands why architects need 3D modeling functionalities for the elements in their
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domain, and at the same time argues that they can work without having to use his terrain
models because they are not of any use to them:

L2: It's a different aspect because when you are in a building you got a lot of items that
you are dealing withk- outsde the building we have asphalt, we got trees, we got terrain
—you got 3 or 4 or 5 or even 10 item#t’'s a lot simpler aspect when you get outside of
the building versus inside when you got a lot of product that you are having to put into a
building.

(L2) would therefore receive BIM model updates from the architect through the
project server, but the only form of communication between him and the rest of the
consultants was through occasional updates of the 2D site plan. This complete separation
in naure of representation also extended to include separation of process, where (L2)
performed the landscape quantity take off process for example independently from the
architectural team and used AutoCAD for basic counts. For him, the take off process is

very basic and simple, anah6t as complicated as counting 3000 urinals or 200 sinks”

4.5.3 The Need for a Separate Suite of Domain-specific Tools

(L2)’s interaction with tools in this project involved a combination of 2D and 3D
representations. The main daim specific tools that he used were AutoCAD Civil3D and
Hydraflow, which are primarily used for all pipe work design, storm water and sewer
design. The Civil3D package has a 3D component to it and some 3D aspects of earth
work as it creates terrain modekauit its output is 2D plans, which are then passed on to
the architectural team in the form of dwgs or pdfs for coordination. Whether the software
used is StormNet, PondPack, Civil3D or Hydraflow, (L2) has some basic requirements in
the tool he uses to nduct his basic calculations. He prefers Hydraflow because it is
integrated with AutoCAD, but he has some fundamental needs:

L2: You take a certain water flow, you tell the computer that this is the pipe that is
entering and this is the slope the pipeusaning at and this is what the pipe is made out

of — you got a certain roughness coefficient and the size of the pipe telling you that this
amount of water will fit through this pipe if it backs the water up or if it won't go
through the piping, resizine pipe or make the slope steeper or change the product.
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However he pointed out that fact that these needs, while satisfied in the software
packages he uses, especially Hydraflow, it is a tedious process, where the user has to
input the variables manugl

L2: You design in one but you have to manually change the design draantgwhen |
say manually change it it's just a matter of punching in the parameters in the design
drawing—tell it instead of an 18 inch pipe drawing we're using a 24.

(L2)’s expectations for a better tool all revolved around the idea sépataté
but “seamlessproduct which would not necessarily be integrated with other domains
because of the discrepancies in representations but allow for the enhanced feedback and
automatt adjustment of design elements upon the alteration of the input parameters and
settings:

L2: If you would change a pipeline and make it bigger or have a different slope then it
would automatically change that in your profile for your CAD drawing, wiyere have

a pipe run and it shows all your boxes and so forth and structuvesl you also have a
theoretical design over here and it has just a series of numbgrar basins and all your
factors and parameters- and let's say change something over éehen it will
automatically change your design drawing.

4.6 The MEP Coordinator

4.6.1 Background

(M2) is a registered electrical engineer with 27 years of experience in electrical
design. He has worked in a variety of offices and in different typesogfqts, and has
been working for the MEP firm for three years. (M2) brings a lot of experience in the
firm, both with regards to electrical and lighting design, and MEP coordination. The MEP
team was a mixture of new engineers under training, engineersonBi, as well as
expert engineers. The fact that he himself was an expert engineer but less technology
savvy presented a challenge. He managed however to achieve a successful coordination
and communication process with the help of hismookers in addion to an architect

who was hired to help with Revit coordination.
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(M2) was the lead electrical engineer as well as project manager for some projects
including the SG project. He was the primary contact and project manager for the SG
project and respondi for scheduling and overseeing the electrical design on all projects
that take place in the MEP firm. His role was to oversee the electrical design as well the
entire coordination of the entire mechanical electrical plumbing design with the
architectural team. As the MEP coordinator between mechanical, electrical and
plumbing, all the departments reported to him and communicated to him the latest
updates, issues and problems.

Figure 4.5 describes the main tools and representations used by (M2) imrelatio
the BIM base model. (M2) coordinated the work of the electrical, plumbing and HVAC
departments in Revit MEP. This file was the main interface to the BIM base model. Each
department used its own tools to interface with the central Revit file, sucls@al Yor

the electrical department, Carrier HAP for HVAC, and AutoCAD for plumbing.

MEP COORDINATOR (M2)

Carrier
HAP

VISUAL AutoCAD

BIM Base
Model

REVIT MEP

Figure 4.5. Relation between the tools and representations employed by the MEP
coordinator (M2) and the BIM base model in the SG project
4.6.2 BIM as Frustrating Learning Experience

Working in BIM for (M2) was a new experience, with this project being the
second Revit project. It was a learning process for (M2) and the MEP team, and a mostly

frustrating one. The firm was in a transition phase where some projects werando
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Revit and some in AutoCAD, but (M2) sees AutoCAD as still being the predominant or
preferred among most engineers in the firm:

M2: They [engineers] are so used to AutoCAD and the pace that they can move
designing and developing our product on AutoCABX it’s frustrating to move slow and
relearn processes in Revit.

(M2) believed that MEP engineers would start adopting Revit on a wider scale
only if MEP modules are more developed as he claims they are within the architectural
environment. He thoughhat architects and MEP engineers had a different experience
regarding BIM tools in general:

M2: If we could get to the point to where Revit works as well in the MEP environment as
it does in the architectural that would be a wonderful tool.

As part of he gradual transition to BIM, there were a lot of lessons to be learned
and steps to go through, in spite of the general resistance by MEP engineers. This meant
for (M2) migrating from readymade CAD libraries and also slowed down the design
process due tthe high cognitive load:

M2: We're really crawling— and we were watching it[Revit] for some years because the
architectural community has been using it for a while but the MEP modules have been
slower to develop and we’re still finding that there is wefew manufacturers on board

yet with [Revit] families and when we do bring in some of those we have interaction
issues-they don’t function properly within Revit and they lock up our model and there is
just issues sometimesso the whole MEP industry jast starting to pick up that first
step.

(M2) was willing to take additional steps to make this transition and took
measures tolde on the leading edge of this learning clrbecause he could see the
potential of BIM in issues such aslé'signing withinthe 3D space that the architect
model$, making sure that all AEC participants are noyithg to occupy the same space
or that this pipe isn’t going to intersect this duct as it goes thrughfiguring out the
most cost effective ways to design or déh®n building model material estimation. His
concerns though were mainly related to the competency of computing power in the case

of extremely large building models, in addition to the level of maturity of BIM tools:
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M2: It's a maturity thing—is how dos this design tool matures and how do we as a team
decide how things happen because conventions are being develbpeehn we’'ve got
things that are expected in AutoCAI20 some years we've been using AutoCAD right?
Early mid 80s when we got our firsAD system- so that’s what like 25 yearsso that

tool had a long time to develepand you know BIM and Revit and all that is still in its
infancy.

4.6.3 Addressing Domain-specific Requirements

Some issues were really problematic in Revit and tooger than (M2) expected
such as linking information from Revit from and back to MEP analysis packages like
Visual, AutoCAD and Carrier HAP, integrating manufacturing parts and Revit families
for coherent design, constructing libraries of 3D details awstef 2D CAD details, and
the overwhelming amount of setup and unnecessary detailing that had to be done at the
front end to achieve only very simple commands. “Visual’ is a software package that
(M2) prefers for lighting photometric calculations becau$eat graphic component,
flexibility, ease of use and integration with tools like AutoCAD. Although this serves the
purpose of incorporating the analysis package with existing CAD libraries, there is very
little integration with BIM tools such as Revit. @ite is therefore a strong chance of
redundancy, where the model has to be built again in the analysis package to perform the
photometric calculations:

M2: For the most part it's 2D- there is a 3D element we can do some simple
renderings and shading withVisual but what isn’t there yet and really is assumed to be
functional and we hope within Revit is that you actually build your 3D model your
building— and then that building is inside your calculation softwaree can’t pick that

up today as a 3D medland bring it in—we have to build it in Visual also.

This introduced a burden to (M2) where there was always a clear cut distinction
between adrafting’ tool and a tlesigri tool, which becomes very time consuming due
to the fact that the input data mever shared among the two tools, but rather has to be
entered manually and constantly in each tool:

M2: We have our design software or our drafting software but then we have to take that
information and model it into some other softwarese that outputhen to size systems
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that we then put back rawe’re back and forth in and out between different systemes
can’'t share the same input data.

(M2)’'s expectations for better integration entailed embedding input data in the
BIM model, rather than goingack and forth between multiple tools, in order to acquire
immediate feedback along the process and adjust the design within the feedback loop:

M2: | know that to use Revit within HVAC to run your HVAC load calculations and to
determine what your heat lossso you're scanning windows and determining how much

air conditioning or heating you need to put into a spagethat’s all integrated in your

model eventually it saves us time because you enter it one time and then you use that
same model as your igp

Software integration problems were not the only source of frustration for (M2).
The lack of integration of BIM tools with manufacturers’ engineering parts was a major
problem. Arbitrary 3D representations of MEP fixtures within the architectural 3D
models had to be constantly replaced with engineering models from manufacturers. (M2)
had to search for and download these to the model because what the architect provided
him with does not have the necessary connection points. At the same time, the automati
features in Revit do not allow him to just tell something to connect to a specific point or
piece of equipment. Those features are not usable when the model does not offer any
connection points. (M2) then had to look for similar engineering models arttiepu in
the model as placeholders that do not reflect the actual parts:

M2: It's the fact that we don’t have the information availablgou would really like to

go to the manufacturer’'s webpage of the product you would like to use and pick up their
[Rewt] family and put it in to your drawing but it's probably not available then you
search for something that is similar and you use that as a placeholder so you know we're
making due.

In one of the labs in the SG project for example, the architecturalveanonly
able to find a generic type of hood. This hood is handled very differently from the
specific hood that (M2) meant to use, as it required a different kind of exhaust and was

more regulated, but it was the only available engineering model, aretjsbed some
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more coordination with (M2) to make sure the specification data embedded in the BIM
model was placed correctly:

M2: We expected to see a bio hood and we saw a prochloric acid hood on the
drawing...... it was in the model and it looked very simbat the tag on it was a
prochloric acid hood- there should be some inherent things that happen automatically
because we’re doing Revit but because of the information available to all of us that’s just
not working— it actually caused us to have to do #@léi more coordination than typical
because of that.

This lack of suitable information concerning engineering models was augmented
by the burden imposed by Revit, which forced (M2) to connect for example a pipe to a
specific location on a certain piece efuipment. He had to always firdill” the BIM
model with the engineering models and equipment that were not readily available by the
architects, rather than just showing all electrical conduits, piping and ducts to an arbitrary
location:

M2: You haved have that point it doesn’t exist- you have to create that poirtand

before we used to just bring it to the location and more so with notes or with symbols that
mean things we could tell them what type of connection they had if we were within

a few feet it was ok because the contractor filled that-gsgday the model brings it to

that point and shows really all the fittings to that peHsgo it's just so much detail and

the Revit software wants that detaiand it kind of doesn’t want to mevYorward if you

have it or you don't fill it.

4.7 The Structural Engineer/Modeler

4.7.1 Background

(S2) is a young engineer holding a masters degree in structural engineering. He
came straight from school after completing his degree to the structoradrid has been
working there for about 3 years on several projects. Being a young engineer, (S2) was
going through a learning and training process, especially with learning Revit which
represented a challenge to him, as he was assigned to be the soles®euoih the SG

project, and it was his first Revit job.
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In terms of his work experience, he was the lead engineer on a number of
projects, including the SG project. These were mostly structural steel construction
projects. He worked with (S1), the pragjeoanager and under his supervision. He also
relied on (S3) concerning technical support with Revit. With regards to collaboration and
coordination with the architectural team, (S2) participated in all the meetings and was in
charge of all the productionork of handling the Revit model and structural modeling.

Although (S1) was the primary contact for this project, (S2) had interaction with
the architectural firm as well, but his interaction was in a more detailed sense, along the
lines of figuring out wih (Al) for example the dimension of a slab edge from the column
grid at a specific floor level in a specific bay to ensure coordination. (S1) however was
more involved in high level issues, such as discussing with (A2) and (A1) where the
transition may oaar between stucco and brick as a facade material and how that
interfaces with glazing and where miscellaneous steel is needed.

Figure 4.6 describes the main tools and representations used by (S2) in relation to
the BIM base model. (S2) used Revit Strudt@asthe main interface to the BIM base
model. For the structural analysis and calculations, he used both the RAM structural

analysis package, in addition to AutoCAD for simple detailing.

STRUCTURAL ENGINEER (52)
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Model
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Figure 4.6. Relation between the tools and representampioyed by the structural

engineer (S2) and the BIM base model in the SG project
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4.7.2 BIM as Daunting Workflow

(S2)’s interaction with tools in this project was basically a learning experience
with using Revit. For him, it was a complete shift from tobé& was used to like
AutoCAD. He thought that there would be a learning curve in general for the structural
firm and that it would take him in particular a little bit longer to adapt to a new mindset:

S2: You go from an AutoCAD mindset and then all of @dsm you have to go to a Revit
mindset just as far as the functioaso the best way to do it is do a Revit job and then do
another one.

For (S2), the learning curve was a steep one, where the complexity of the
interface of the BIM tool was totally ukk any other he was used to in his earlier
experience. He still thought that the outcome of the tool would be more rewarding
because of its accuracy and efficiency:

S2: It's completely— | can't translate any of it to what | learned you know like
AutoCAD- it's completely different just works differently and the commands and stuff
are different— and I'm finding that | think the end product will be better but | think it
takes longer to produce drawings thamt least it seems that way now since it’sfirst
Revit job but | think that's normal going to any new system to produce drawings.

One of the main concerns throughout this learning process was the process of
replacing all CAD libraries and typical details with Revit families and details. Being out
of the norm of practice for (S2), this was a time consuming process where all details had
to be created from scratch, especially since the SG project was his first Revit project.
However, he still thought that the tool was promising, and believed thaettevay to
learn the tool functionalities and become accustomed to the workflow wgstttossed

in it” rather than doing tutorials for example but not getting a Revit job for some months.

4.7.3 Incompatibilities between Modeling and Analysis Tools

(S2 was hoping for a smooth data flow between RAM (the tool that he uses for
structural analysis and is proficient with) to Revit in order to align the modeling and

analysis processes together. On receiving the Revit base model from the architect, (S2)
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would (a) create a RAM model that represents the conceptual structural model of the
building, (b) translate and abstract the architectural model into its structural counterpart
model elements in RAM, (c) perform his structural calculations and analysis in RAM,
propagate the analysis results (e.g. depth of beams, cross section of columns, etc.) into
the Revit model, and (e) send the model back to the architect for further updates.

Both (b) and (d) involved a timeonsuming manual process, where (S2) ha€ to
in case (b)- look at the architectural model elements in Revit and manually create
structural objects in RAM from scratch, andh case (d)}- look at the structural analysis
results in RAM and manually input dimensions and sizing back into the Rewil:mod

S2: It just takes a lot longer because you are sitting there and you have your RAM model
up on one screen and your Revit model on the other screen and you are going beam by
beam- column by columr brace by brace on each.

This was a very tedious anfdustrating process for (S2). But it was neither
directly related to his lack of expertise in using the tool nor was there a deficiency in
linking RAM to Revit through a direct interface. There was however a burden associated
with managing the propagatedAR structural elements into Revit to the extent that it
was easier to just represent the analysis results in the form of manual input of parameters
in Revit:

S2: One of the guys in the office was saying that you could export from RAM into Revit
but he saidhat there’s too many kinkshe said that once you export from RAM to Revit

it takes just as much time to go and clean things up just as it does to do it from scratch
just to do it by hand so to spealso that's something that they can definitely ioyar on.

This was a major source of frustration for (S2), as he expected that the internal
representation process and the téaam coordination process would involve smoother
flow of information. While (S2) relied mostly on (S3) for technical supportdiddot
know “100% of all the ins and outs of how Revit wirkss main aspiration was an
efficient information exchange process between structural modeling and analysis

packages.
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S2: Going from RAM to Revit as far as building the models they wamhépendent of
each other right now...it would be nice if you could export it and everything -wbrk
don’t know how if the RAM folks and the Revit folks are working together to try to make
that happen-it would be nice if they wouldit would make both dhem better.

4.8 The Audiovisual/Interior Designer

4.8.1 Background

(V2) is the director of audiovisual design at the audiovisual firm. He has more
than 20 years of experience in the audiovisual industry, 8 of which were at the firm. He
oversees thengineering department and is in charge of engineering and design, and so
his role is more of a management role. He does not do any of the drawings himself in the
firm, but allocates resources and plans how CAD tools should be incorporated to address
audiovisual related issues. Although (V1) was the primary contact for this project and
(V2) was in the background and not heavily involved in this project, (V2) had a strong
position in terms of making the transition in the firm to adopt BIM as their method of
work and delivery. According to him, this push, an unusual one for an audiovisual firm,
was usually resisted from architectural teams, and in most contractual agreements they
were just asked to provide 2D CAD drawings in their exchanges with AEC consultant

Figure 4.7 describes the main tools and representations used by (V2) in relation to
the BIM base model. (V2) used AutoCAD to interface with the BIM base model,
although he was undergoing the transition to Revit. For acoustical analysis and
audiovisual alculations, he used both the EASE acoustical analysis software and

AutoCAD.
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Figure 4.7. Relation between the tools and representations employed by the audiovisual
designer (V2) and the BIM base model in the SG project

4.8.2 BIM as Fully Integrated Process

What was interesting about (V2)'s method of work is that he seemed to adopt
unique approaches, not those of a *“typical’ audiovisual firm, regarding both tool
(applying BIM in practice) and profession (acoustics and audiovisual design). He was an
expertRevit user and was willing to integrate BIM in terms of both 3D visualization and
information exchange with AEC consultants, but was occasionally getting pushed back
by architectural teams. At the same time, during the internal analysis process within the
firm, he focused on simulating the 3D space environment and embedding information
and calculations regarding distances, heights, sight lines, and 3D space configuration into
the BIM model. He believed that this would allow for a more robust and meaningful
building model that incorporates these calculations and makes other consultants aware of
the audiovisual design decisions.

The approach adopted by (V2) stems from his perception of the audiovisual
discipline, where he saw himself closer to interior giesrather than a *“typical”
engineering oriented audiovisual designer. This dissociation from the electrical
engineering discipline was not necessarily in the audiovisual product according to (V2),

but in the methods and thought process that he useswve arthe product:
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V2: A lot of A/V consultants are using the MEP but we're not an MBRot of them are

and we don’t have a particular emphasis of conduit fill and things like-theatlot of

those guys are on that side and we’re more on the inteesigd side- if we have a
discipline to be closer to | think we're closer to interior design than we are electrical so
[Revit] Architecture makes more sense to—uand in terms of using any data to create
things for our clients they wouldn’'t be so elecatly focused- we would do power
conception models and things like that but just as important for us is modeling the
lighting and things like that.

To (V2), that justifies using Revit Architecture as a software package, because his
main focus is studymp the 3D physical configuration of spaces and building his own
model of where conduits and connections would go based on his calculations:

V2: We're more concerned with space planning | think than really where the specific
conduit goes- we just know we &l this much conduit from here to her¢he path is
significant but what is more important to us is how the room lays- bow everybody in

this table has a good view of that, and that's important te si3 we're more in tune with
that — we use more bra power figuring that stuff out than we do anything elsso it

just makes a little more sense for us to be on the architectural side.

(V2) used the Revit Architecture package for these reasons but he was also
concerned about incompatibility issues amodifferent software packages, as these
would cause a disconnect in the process of exchanging necessary data from one package
to the other:

V2: [Revit] MEP had a lot of metadata that you couldn’t get into [Revit] Architecture at
all and basically it was el to count things and all that so they didn’t think it was
necessary but you know the architects aren’t using [Revit] MEP.

Another issue with BIM tools, according to (V2), was the adaptability of the tool
to the nature of representations that the audiali discipline requires, whefa good
portion of the final deliverable is schematic in nature and there isn’t really a schematic
component to any of the BIM productsThis implies that the layout and infrastructure
drawings can be represented in Rewd aot the*schematic portions of the designin
spite of (V2)'s desire to integrate these representations in a more structured environment
within the BIM process, he believed that it would be probably better that hesjagtifi

the CAD world, take themodel and makeldackgrounds from it without “contributing
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to the noisg if the AEC participants are not willing to sit down and take practical
measures for this integration:

V2. We need an agreementwe need the meeting to happen early where there is a
agreement that says you're this detailed at this stage and you create this detail at this
stage and what the deliverable expectations are and all of that has to be planned out.

4.8.3 Integrating more Metadata among all Participants

(V2) had pushed theudiovisual firm to migrate most of the CAD block libraries
to Revit families and was ready to interact and communicate through the Revit
Architecture software. He experienced however some push back from other AEC teams,
and did not sense that they had et in exchanging BIM models. The architectural
team, especially (Al) and (A2), asked that the audiovisual firm provide 2D CAD
drawings and not BIM models, arguing that the architectural team will import CAD
models and take care of inputting the data thay need into the BIM model. (V2) saw
this type of exchange of data as a mere coordination effort that was not quite different
from actually going to the architects, coordinating, and marking up the model on paper:

V2. All we'll do is coordinate, and ouphysical drawing release will still be CAD
because most of the people we work with are just-@oé just pushing out in Revit just
really getting into it— and first of all what we would do is maybe drop equipment in
really insignificant to them at éhmoment we would mark our places where they would
put boxes and things like thatso it's more of a coordination effort.

This was frustrating for (V2), not only because it was an inefficient process but
because he thought there was much potentiasimguBIM that is not fully captured by
architects or consultants. For (V2), they do not make utmost usetatiatabut rather
focus on catchy renderings or images. This metadata included aspects such as the 3D
space configuration and the relation of pobien screens to conference table locations:

V2: Everybody just says well look just go through stuff we’ll throw it in there and then
we’ll end up with something that looks right but really the data is not real, and so what
do you have? You just have a fyepicture— and not so pretty because of the data you
can’'t put the level of detail you had put in to a 2D drawing and a 2D view because the
level of detail that you would put in to make something look pretty on paper will crash
the model because of #lfie other information there.
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The analogy to @retty picturethatlooks rightbut isnot reallies at the core of
the notion of inaccurate deployment of metadata highlighted by (V2). He extends this
notion to criticize the catchy renderings generated lphitcts that do not take
advantage of the full capacity of the tool:

V2: | think when you see a lot of pretty pictures coming from an architectural firm to me
that says they are not thinking on the deep end hembat is really going on is they
found a vay to use the software but they really aren’t using the software the way they
should be.

What (V2) was aiming at was integrating data from dorsaiecific calculations
into the base BIM model so that the architect and other teams can benefit from those
underlying calculations and assumptions. (V2) used a combination of the EASE software,
Revit Architecture and a lighting analysis software to do lighting and acoustic modeling.
He was able to extract information concerning sight lines, lighting, and gecahet
relations between projection screens and 3D physical configurations. Although he could
not integrate that information into the base model, he continued to use the same tools to
“do the mathwhether he was going to use them tefiver or not:

V2: We spend an enormous amount of time dealing with physical placement of-things
very important where a connector goea lens throws- the viewing angles that people
can see...and also the lighting is very cructalin distance learning and video
conferencig it's very important that presenters are lit directly and that the light isn’t
passing on to the screemnd so lighting models are very very important.

4.9 Discussion

This chapter presented the different types of personas identified in the study with
the most salient characteristics pertaining to the main question of the research. The
archetypes presented in this chapter, which include representatives from each of the
participating disciplines, included the expert modeler, the intern/designer, the cost
estimator/contractor, the landscape designer, the MEP coordinator, the structural
engineer/modeler, and the audiovisual/interior designer. These archetypes covered a wide

variety of issues and themes, such as the effect of background experience anseexperti
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(including both tool proficiency and work experience), the individual learning process
and learning curve for each of the participants, understanding the needs of other
disciplinary participants, the intellectual and cognitive cost of the implementé] te
incompatibility that exists among computational tools, the individual preferences of tools
and representations in practice and the affordances of these tools, and the context and
conditions related to the general transformation to BIM in practice.

One of the major observations regarding the identified personas is related to their
sense of belonging tdisciplinesversuscommunities of practicBNenger, 1998). From
the “nebulous user” perspective, the participants mentioned in this chapter represen
solely their disciplines; for example (Al) and (A4) are both architects, and perhaps (C1)
could be seen as belonging to the architectural domain as he resides in the architectural
firm. All the other personas would be seen then as belonging to theificspagineering
disciplines, or are often just referred to as AEC engineers. This discards many of the
nuances related to the needs, expectations and goals of each individual participant, rather
than what is just known to be an engineering viewpoint améwork. Although this
chapter involves individual stances of participants rather than their interactions, it sheds
some light on thenembershipf those participants to different communities of practice.

For instance, (Al) is essentiallyn@mberof the architectural community, being
part of the architectural team, and perhaps more specifically to a community of project
architects. More importantly however is his potential membership of the community of
BIM modeling or expert modelers, with the exper@asel background he brings in to the
team. (A4) may be seen as a member of the community of architectural interns, but may
be seen in the context of her work in the firm as belonging to a commursiiliet
designers or novice BIM users. Coming from élsademic communityshe brings a lot of
expertise in that regard to therofessional practice communitfC1) represents a
community of estimators besides the architectural community, but also can be seen as a

member of a contractors’ community. (L2) reprgsea community of civil and landscape
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engineers, but also belongs to a community ofBtvi users. (M2) is a member of an
electrical engineering community, senior MEP project manager community and also an
MEP BIM user community. (S2) is a member of theidural engineering community,

but also part of the novice BIM user community and the structural BIM user community.
(V2) represents a community of audisual designers, but also seems to belong to the
interior designers’ community and the communityegpert BIM modelers.

This multi-membershipof different and overlapping communities establishes a
broader spectrum of perspectives, background and expertise, and a wider space of
interaction and communication of information among participants. With patits
belonging to different communities and wearing different “hats”, whether within their
disciplinary interaction or interaction across disciplines, a potentially richer space of
communication of ideas and exchange of design information is formuladeskeh in the
SG project, community membership is characterized by different relative weights for
each participant according to their individual perspectives and needs. (V2) for instance
can be seen more as a member of the expert BIM modeling commumitththaudie
visual design community or the interior design community. His membership in that
community basically shaped his participation and role in the project, his viewpoint about
the role of the BIM base model for all participants, and his expecta®ts what type
of information needs to be integrated in the model. Similarly, (C1) can be seen more as a
member of the contractors’ community. His expertise in preconstruction and his previous
experience with similar projects and with contractors anero#éistimators shaped his
approach toward estimating and the level of confidence with the analysis results coming
from the BIM tools. (Al), being a member of the expert BIM user community, was more
focused on using the capabilities and functionalities efttol to the maximum, both
during the schematic design phase within the architectural team and during the

coordination phases with the consultants.
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These weighted multhemberships shaped the position of each of the personas
towards BIM as a tool or press. Their view of what BIM was varied widely. While
(Al) was able to use the BIM base model for design thinking and reflection, (A4) for
example could only use it for production, as she was not experienced enough with the
tool functionalities and belongetd another school of thought that preferred a certain
level of ambiguity at early stages of design, represented in sketches and other
representation media, to the constraining level of precision of the BIM tool. (C1)
preferred a tool that can give him @b control over the process of estimating and
therefore saw BIM, which relies mostly on automated extraction of information, as an
overrated process that only makes the estimating process more of a black box that does
not enable a transparent interpretatof the desigitost feedback loop. (L2), being a
nonBIM user, emphasized the fact that BIM was domain exclusive and did not offer
enough integration with the tools he used for civil and landscape design. (S2), (A4) and
(M2), being primarily novice BIM sers, saw BIM as a daunting workflow and
exhausting learning experience, while (V2) who was an expert BIM user but did not use
Revit on the SG project saw BIM as a fully integrated process and workflow, and that
there were many missed opportunities if &smot used to the full capacity among all
participants. In this chapter, unraveling these mmmberships was based on only
individual stances of participants. The next chapter digs deeper into the interactions of
these participants while using a shaBltY1 model, and how the different communities
and memberships of these communities affect and are affected by the different types of

interaction.
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CHAPTER 5
TYPES OF INTERACTION AMONG DISCIPLINARY

PARTICIPANTS

This chapter describes some of the promingmés of interaction that took place
among the different disciplinary participants in the study. Three main types of interaction
are described: 1) nedisciplinary interaction (architedient interaction), 2)
intradisciplinary interaction within the drtectural team, and 3) interdisciplinary
interaction with both irhouse and external consultants. Specific events are discussed in
each type of interaction to portray some of its main characteristics in detail. These events
highlight issues such as integpation of information and requirements, recognition of
participants’ needs, and the nature of coordination and information exchange in the

shared space of team communication.

5.1 Non-disciplinary Interaction: Ambiguity and Interpretation

Three main typg of interaction are discussed in this chapter: archiestt
interaction, intradisciplinary interaction within the architectural team, and 3)
interdisciplinary interaction across teams. Section 5.1.1 discusses some of the salient
features identified ithe first type of interaction: the architeetlient interaction, related

to the interpretation of client requirements by different team members.

5.1.1 Event 1: Architect-Client Interaction — Interpretation of Requirements

The communication between the client and the architectural team took several
forms and resulted in different levels of interpretation of the client’'s needs. There were
two clients for the SG project; (O1), head of the university comprising the project, and

(02) who succeeded (O1) during the DD phase of the project. The main difference
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between (O1l) and (O2) was their approach to the character of the building. The
architectural team had originally proposed a “modern” approach with metal cladding and
curtain wvalls. (O1) preferred a more “traditional” approach that blends into the context of
the university campus. As the team proceeded with this approach and was working
towards the DD phase, (02) succeeded (O1), and he chose to go back to the modern
approach prposed originally. This presented a major challenge for the team. Both clients
usually met with (P1) and (A2), and sometimes with representatives from the other
consultants. There were two main levels of interpretation observed in this interaction:
onestep interpretation, where the team attended the client meetings; andtéwo
interpretation, where (P1) and (A2) only attended and “translated” the client’s needs to

the rest of the team (figure 5.1).

CLIENT CLIENT
(01) (o1)
e e |
\ 4 A4 l A 4
PROJECT PROJECT INTERIOR PRINCIPAL INTERN PROJECT PRINCIPAL
ARCHITECT MANAGER DESIGNER = ARCHITECT (A4) MANAGER ARCHITECT
(A1) (A2) (A3) (P1) (A2) (P1)

Y

Y

PROJECT INTERIOR
ARCHITECT DESIGNER IN{'I::;N
(A1) (A3}
Y Y
(a) (b)

Figure 5.1. Levels of interpretation in the architectient interaction: (a) Onstep
interpretation (clienteam), (b) Twestep interpretation (cliergrincipal architect,
principal architecteam)

(P1) tried to make sure that either (A1) or (A4) or both of them would be present

at those meetings so thée whole team was aware of the client’s needs first hand with
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very little chance of having tdfilter” the client’'s requirements andréanslate€ them in
the subsequent phases of discussion within the team:

P1: We take most of those people to all the mgstso they hear directly what the client
is saying so there is very little filtering of the message and we try to agree as a team after
the meetings.

By doing so, (P1) wanted to avoid a tstp interpretation of the client’'s needs,
where he would haveo first interpret what the client said, and the team consequently
would have to interpret what he translates to them. If either (Al) or (A4) attended those
meetings, it was still an issue to translate those needs to the rest of the team. Even when
most of the team attended the meetings, (P1) wanted to make sure that everybody
“heard the same message:

P1: Well what did we hear? Because people hear different thiqpople have different
interests so sometimes there is a selective hearimgll | didn’t hear him say that
because | didn’'t want to hear him say thato he said that that’'s what he meant.

In an attempt to avoid thissélective hearing (P1) meant to hold sessions with
all members of the team including (A2) and (A3) to reconcilaifierent interpretations
that everybody developed after meeting with the client. These sessions aimed at
“aligning’ the internal firm and team goals with the client’'s goals. For (P1), this was a
necessary step before moving on to the next level, whickivieet discussing his design
proposals with the team:

P1: We have a robust discussion about that [what he client meant] and then try to align
our internal firm goals for the project with the client goals and then make sure that there
is a sort of buy in athe team level so that we don’'t have one person in the team
interested in doing something that is not aligned with the whole mission of the project.

(P1) focused mostly on introducing a wide spectrum of images of buildings as
part of the mechanism ofterpreting the client’'s needs and testing haste along the
traditionatmodern spectrum of designs. This was usually a back and forth process, where

both the client and the architectural team presented images representing a range of
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buildings, with thegoal of arriving at a building character and a set of features that were
the best fit for the client:

P1: We had to have a discussion, ask him for buildings that he had seen, that he liked
and we went through three or four meetings in where we tookesrafgvarious buildings

that we had designed and other architects have designed, buildings that we &ked

put a whole range of buildings on the wall from more modern buildings to very classical
buildings that might have pediments and moldings and weagsical columns to
buildings that combine elements that might have a pitched roof but a relatively modern
approach to detailing windows and curtain walling and a more plainer treatment of brick
without the ornamentatior we were trying to judge whereoés he fall on that scale
from very traditional to somewhat modern.

This represented a best guess at the client’s needs through trying to understand the
core of what his interest was, what building elements he said he liked, what he liked
about them, whye liked them, and how all that translates into a modern building. (O1)
was determined on a traditional building and explicitly mentioned some of the building
elements that he was in favor of, such as pitched roofs, arches and brick. Although he
seemed spfic about his needs, they still seemed to be open to a lot of interpretation:

A4: It was pretty much clear that the client wanted a pitched roof...so he wants the
building to look in a certain way he brought us an image and he was very specific
about it— he said at one meeting this is what | wargdo we said right we’re trying to
read through what he really meantwas it a historical or traditional | mean what was

it that he called traditional because he kept mentioning the word traditional and we
didn’t really know what he meant by traditional.

Interpreting the wordtfaditional” itself was not an easy task, especially for (A4)
who was assigned to design the overall character of the building and coordinate with
(Al). Both (Al) and (A4) were going ¢dluigh the images and trying teead throughi the
client’s preferences. For (A4), this was a very concise and limitaxggtiagé that was
forced upon her:

A4: He [client] got stuck into this idea that he wants a pitched reohe wants
colonnades- he wairts if possible arches and briekso it's just a certain language that
he wanted us really to project.

The process of selecting specific building elements and features was not the only

issue that (A4) refused to take on easily, but also the timing ghtbiess. (A4) believed
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it was too early at the schematic design phase to be discussing very specific motifs and
features of the building:

A4: They [client and architectural team] discussed architectural character and site
location — to me this idea was ddin itself because when you as an architect start to
bring into discussion architectural character you are going to get certain answers and
this should not happen at this stage of desigo this is one of the things that not only |
wasn’'t familiar withbut | didn’t think that was part of a process.

This presented a challenge for her, as she was thinking about the building design
in a holistic fashion at this stage of design and not into the details that would introduce a
lot of fixation early on. For (A), thinking about these details was limiting in terms of
conceptualization and reflection. It was irrelevant to her because it did not give her the
space to think about what the overall function and character of the building was at this
stage:

A4: | persanally don't think that the discussion should have been taken that direction
because | could foresee the end resutit that level you have to talk about what the
building does- the larger picture- not if it's made out of brick or if it has a pitched foo
—that is irrelevant- | don't think there is anything wrong with a pitched roof or brick in
itself but there is something inherently wrong about saying that there is only one way to
deal with it.

The team took the decision to go forward with the ph#t the client chose, but
this was a langerous roatlfor (A4) that they were stuck with, since it forces them to be
framed within a preconceived notion of what the buildirghculd look liké She
therefore went into a separate incubation periodnterpret the traditional and produce
design alternatives through various freehand sketches and some physical modeling:

A4: | started questioning the idea of traditionall started interpreting the traditionat
and | started to look at ways in whiehl started talking about textures, about scale,
about other ways, about mass and produced a bunch of drawirigsas me reading
again complexity and architecture and just throwing thoughts.

(A4) started to develop many schemes based on reading betweeresheflthe
client’'s needs, and she began to produce many sketches inspired by Scarpa and Kahn’s

work. In every brainstorming session however with the rest of the team, her work was
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catalogued as too sophisticated. This was frustrating for (A4), as shenoayldoceed
any further or did not know how to carry the design on to the subsequent level:

A4: | was worried because | didn’t know where to take it next and | didn’t know where to
take that— how to rely on that sketch because to me that said an imagaddfon — to

me that spoke about a collection of imageso me that spoke about imagery not
necessarily tradition in itsel to me that image was a collageand | didn’t know if |

was supposed to take the collage out of it or | should give my osmprietation of what
tradition is.

It was more frustrating for (P1), as (A4) was pulled out of the project to work on
other projects in the firm. (A1) had to continue (A4)'s work atndrislate it once more
from the vast amount of sketches, rendered image physical model attempts into the
BIM base model. As (A4) was completely detached from the project for more than two
months, (A1) became the sole designer and drafter on the project. Not only did he have to
do all the work, but also he had to makeoadf assumptions about (A4)’'s drawings.
With (O2)’s desire to go back to a “modern” approach to the building, the strategy of the
team shifted from the “interpretation” mode to a more practical approach that involved
primarily facade and exterior materiatudies. With cost being a major issue in the
middle of the design development stage, the key component in these studies was working
with alternatives for the building fagade that respond to the available project budget:

A4: We wanted to tell them this how much brick you can affordthis is how much
stucco you can afford and this is much metal you can affdrdcause they all agreed
that these are the materials for exterior skin that they wanted to have there.

This was a process that both (Al) gAdl) were involved in but with different
methods and approaches. For (Al), this was a clear cut process that went well with his
modeling approach. He could now make use of the parametric relationships of building
elements that he had set up earlier in sdie design to study multiple facade
alternatives and exterior material and texture options, and whether they fit within budget
or not based on the generated schedules. One of the key procedures in these alternatives

was adjusting the relative percentagésrick, glass, stucco and metal cladding:
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A4: We tried to come up with an exterior skin that would meet that budget and make us
happy— and it was a little bit of a struggle because we don’t have money and after the
estimate we realized that we can afiféhat much glass percentage wise and that much
stucco— that much void and that much solid which translated into that much glass
curtain wall and punched windows or whatever else skylight whatever we-lagdethat

much brick and stucco so we had pemte within those limits.

Although working with these percentages of exterior material distribution was one
of the goals of (A4) as well, the process was more than just a systematic method for
“composing the facad®dut more of a study of buildingtéconics’ and an interpretation
of the integration between the facade and the rest of the building components that served
a specific philosophical concept in her mind:

A4: I'm focusing on tectonics and how you can read this building in terms of its tectonics
and understand the method behind this design so for example you look at one part of the
facade and you understand that there was scoring going on there and then the plane
folded and then it did something else and it was at some point a part of a bigmer pla
sheet.

(A4) could still only use freehand sketches and rendered 2D images to express
this process because it required a lot of attempts and reflection. Revit was more of an
obstacle for her in terms of effectively and quickly producing such a widetyaof
facade alternatives, and so (Al) relied mainly on (A4) to work on building elevations at
some point rather than doubling the amount of work. As (A4)’'s work was mostly in the
form of 2D rendered sketches, they had to be drawn later by (Al) in skenizdel, but
the priority was to get quick fagade options for the client to choose from:

Al: Essentially everything is in Revit except for elevations because we havetakes
a long time to do elevations to get that looking gedatls a lot easier ¢ do it by hand
especially in a short time frame...it was just freehand and photoshop.

This compromise and alternation between modeling and sketching took place on a
frequent basis for both “traditional” and “modern” approaches. According to (Al), the
careful setup that he did in the base model beforehand allowed him to perform more
studies in the “modern” approach because the variables were much more clear

(percentage of glass, stucco, brick, etc.), less open to interpretation and easier to control
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and adjust in the model. For (A4), sketching was dominant in both approaches because
she was mre driven by the design parti in both cases, and she could express it in a
flexible and seamless manner through freehand sketches and rendered images. In both
cases, sketching and quick and dirty rendering were more efficient in “translating” and
respondng to the client's needs. The burden that emerged however was the redundancy
in having to model those sketchy alternatives yet again to represent the final design

alternative in the base model.

5.2 Intradisciplinary Interaction: Conceptualization

Figure 52 illustrates the main tools and representations employed and exchanged

among the architectural team members in the SG project.
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Figure 5.2. Tools and representations employed in the interactions within the
architectural team in the SG project
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This secton discusses some of the salient features identified in the second type of
interaction: intradisciplinary interaction within the architectural team. Section 5.2.1
involves the interaction between the principal architect and the team members, and some
of the conceptualization and interpretation mechanisms that take place in design thinking
sessions. Section 5.2.2 involves te@am interaction, where tegpwn and bottorup
design approaches affect the way architects within the team perceive the BIM model.
Section 5.2.3 discusses issues related to the scope and level of detail of modeling that
were brought up in architectural design meetings. Section 5.2.4 involves opportunities for
design reflection in meeting sessions by means of navigating collectivelygthtbe
BIM base model as a shared space of thinking.

5.2.1 Event 2: Design Thinking Sessions — Mixed Messages

(Al) and (A4) were assigned separate parts of the project to work on by (P1) in
schematic design and early design development phases. (Al)sigagedso work on the
laboratory spaces and other functional spaces, while (A4) was assigned to work on the
main atrium of the building. (P1) would usually draw conceptual sketches, have
collective team meetings in the hallway, and ask the team to pirhaptiey have been
working on and discuss it:

P1: Somebody may be studying the lobby space and how we get a stair from the ground
floor to the upper floor or (A3) may be working on three or four ways to arrange the
faculty offices and the conference room@\1) may be working on the structural system

of the building— and so all of that has to come together, so we usually try to put that up
on the wall and talk about it and get everybody aligned on the same message and make
decisions— and then everybodysiaware of what we are doing if there is other
investigations to be done we’ll talk about what needs to be done and then set a time to get
back together to look at the results of those.

(P1) preferred physical meetings and discussions over print otite afodel and
sketches in order to reconcile the individual tasks carried out by the architectural team
members. Very rarely did the team meet over the actual BIM base model, navigate

through the 3D space or resolve conflicts that may arise from theseduad tasks,
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although some expressed an interest in using that as a strong tool for visualizing the
design:

A4: That's one thing that we didn’t use as a team and we didn’'t have those discussions
design wise as a team...| realized that we could have useBthmodel and talk about
issues right there as we’re manipulating it...well it was a missed opportunity.

In these physical meetings, there was another level of interpretation that came into
play. It was different than the clietéam relationship which wamany times open to
ambiguity. (P1) Spoke the samkanguagé as the team, where he mostly translated his
understanding of the client’'s needs into freehand sketches and diagrams. This decreased
the level of ambiguity but was still open to a lot of intetatien. In spite of (P1)’s
continuous efforts to align different interpretations, there was occasional
miscommunication that would lead to team members making different assumptions with
respect to what they actually heard:

A4: It was probably a matter of istommunication too because (P1) and | sometimes
wouldn’t even finish the sentence and we would say ok gaintd then of course (Al)
was kind of lost in the gamewhat is going on? So he would interpret things and they
wouldn’t turn out to where (P1)ra | thought they would but we probably didn’'t do a
good job in communicating.

As discussion and verbal communication mostly dominated the team meetings,
both (A1) and (A4) often got different or mixed messages from (P1), and upon revisiting
the subject bmatter (P1) would have to reiterate his ideas yet again to the team or some
members of the team:

A4: Sometimes there is miscommunication between (P1) -ahavbuld say ok got it and
then half an hour later (P1) would say no it's not that and then lldveay ok let's
rethink—it’s just how it is in a team.

(P1)’s sketches were also another cause of ambiguity among the team members,
as they were open to their owreading of design elements or concepts. They were
more ‘powerful though in conveying dggn ideas according to (A4) than Revit plans,

perspectives or renderings:
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A4: You can't pretend that someone else would be able to translate a skatuh a
sketch is always more powerful than a stupid drawingmean seriously this Reuvit it
might be avonderful tool but it looks terrible when you de-iand | hope there are ways
to make it look goosd either (A1) doesn’'t know or doesn’t care or there is no way to do it
but they look terrible.

In return, the conglomeration of representations (sketdtagrams, rendered
images, model plans and perspectives) that (Al), (A3) and (A4) would usually present to
(P1) in their team meetings resulted in rich feedback. Discussing design concepts and
alternatives solely over print outs pertaining to these @iffierepresentations and media,
in spite of the richness they did offer, led to developing a wide range of assumptions by
each team member. Each representation had its advantages and disadvantages:

A4: | was always in advantage by drawing by hand and | 'tdant that— it's not fair
because we were discussing design and we were showing differentniadjawith the
horrible Revit thing and | drew wel what can | do?

Being ‘in advantage by drawingy hand was actually a significant factor that
made P1) often think that it was better if (A4) worked with him on thesigning
component of the project and (Al) on the production component. She still thought that
this introduced a heavy burden on (A1) and not fair in terms of task assignment, as it was
not “his fault' that she wasdn idiot with Revit, and so she started to jump into Revit
and use it in the middle of design development. (P1) also encouraged her to do so
because he realized that there was an everlasting disconnect between (Al) and (A4)
becaise they were using two completely separate media that docaotnfunicaté
together. (A4) believed that Revit was like any other software, and that she could
“translate” whatever she sketched onto the base model:

A4: They kept pushing me to get into theviRmodel and take over this thirgf | draw
something | should be able teif | draw something in sketch or if | think about
something | should be able to draw in the model.

The steep learning curve however and her continuous struggle and slowighace w
using the tool did not allow her to be of much help in modeling, and (Al) hadke *“

over most of the modeling work again:
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A4: | said I'm going to take over but | don’t want to mess up with what you've done so he
[A1] created ‘design options’ so lavked on ‘design options- that wasn’t bad for me
because | thought in the middle of what I'm doing I'm not going to mess up with the main
model- however we had a deadline so he took over and we said this is not working and
he started drawing again.

5.2.2 Event 3: Top-down vs. Bottom-up Design — Different Perceptions of the BIM
Model

In the schematic design phase of the SG project, (Al), (A3) and (A4) worked
using different representations, including physical models, freehand sketches, and
computer rendengs, in addition to different portions of the BIM base model. They used
Revit Architecture to model the main masses and spaces of the building. They had
different perceptions though of the base model and what it “meant” for them. This section
highlights some of the striking differences in perceiving the base model between (Al)
and (A4). Work experience and background played an important role in how (A1) and
(A4) identified with the BIM model. Both were assigned specific tasks by (P1), but their
approacheso the process appeared to come out of two different schools of thought and
tended to be at two ends of the bottagmtopdown spectrum. (Al) generally adopted a
bottomup approach, starting with a pragmatistdtking of masses and spaces as
building blocks that satisfy the design program ¢t the job dorie(figure 5.3).

(A4) however followed a toplown approach with the design always necessarily
beginning with a parti. As (A1) had previous work experience, he appeared to be moving
ahead at a faster awith the design, having difectioni’ and being fnore cleaf with
procedures and with task accomplishment than (A4):

A4: For (Al) maybe to him things seem more clear but there was an odd thing that
happened at some poirtwhen | came up with an ideaX) came up with something

else and then (P1) made us switch and that just confused me...(Al) seemed to have a
direction while | was completely lost because to me that was completely illogical.
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Figure 5.3. (Al)’'s bottorup approach: a “stacking” ofiasses and spaces with finite

description

This was fllogical” for (A4) as she needed more time to conceptualize and walk
through the different design alternatives and ideas with a persistent desire for prolonged
discussions about how to proceed from dggbphical standpoint. This tendency to hold
“philosophical discussiofisand spend endless hours on developing an overarching
concept for the building was partly affected by her teaching experience, but introduced a
conflict with the project imminent delies and constant pressure by the architectural
team to wrap up specific assigned tasks:

A4: We didn’t have too many critiques but what usually happens I’'m starting to get into
philosophical discussions and I'm making people tired and (P1) says ok se goirng

to do this and you're going to do thatbut | don’t know | can't really work without a
philosophical discussion.

Figure 5.4 shows some of (A4)'s early design sketches. Although (A4) was
“making people tiredthrough her continuous discussionsigthappeared to be more of
an obstacle in the way of proceeding with the design, (P1) relied on her more in

designingrather than (Al). He was more confident in her ability to perceive the larger
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picture of his design ideas and not just adopt a systeb@ttcmup approach. However,
as (Al) was generally in charge of the base model, he would be the aadlateall
the ideas that were discussed in design meetings and brainstorming sessions and (A4)’s

sketches into the Revit model.

Figure 5.4. (A4)’'s toglown approach: design as parti with “philosophical concept”

There were therefore two disjoint processes going on; discussions, design
decisions and rough sketches by (P1) and (A4), and the modeling effort, which was
carried out mogy by (Al). As he was proficient with the tool and its functionalities, he
used it to externalize his design approach, where the model at schematic design
represented astacking diagrarh but at the same time at a certain level of detail that
connotes a factional plan:

A4: He [Al] was the only one familiar enough with the software to know and to
understand...it was a stacking diagram...for us it started to be a plan.

This is where the base model representation became perplexing, especially when
different levéds of detail and perception came into play. While (A4) expected the model
to represent a stacking or bubble diagram that was still at a preliminary level, (P1) would
go into aspects that were too detailed for this kind of representation:

A4: (P1) told melhat instead of going into so many directions | should just stick within 3
feet of the fagade and that's when | got very confused because of the fact that this was a
stacking diagram and not a plan.

This was not only due to the fact that the tool alloveedhis level of detail to be
represented at this stage, but also how (Al) used this featsee iathe model different

layers of representation. For him, it was a stacking diagram but that same diagram would
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potentially transforminto a full virtual representation of the building, and alseean
other things for him, such as cost and scheduling. (A4) however thought that it was too
early toseethe modeksa plan because it still needed much more refinemelnétome
a plan since it was literally a hpontal and vertical stacking of masses. That is why
“sticking within 3 feet of the facadf®r her was totally out of context and it represented
another very different language. It was a question of: how can she go to that level of
detail and precision ith a bubble diagram that involves a preliminary conceptual stage?
As the conflict of perceiving the base model between (Al) and (A4) escalated,
(A2) had to step in to resolve the issue and make important decisions in order to proceed
with the design. As eject manager, (A2) was responsible for overall coordination of
tasks but was usually informed about details of the project indirectly through (Al). She
trusted him with this project because of both his work experience and proficiency with
using Reuvit:

A2: (A1) has a lot of experience so | feel like | can kind of rely on him to kind of tell me
what do | need to be aware of as knowing what | need to be deihgt is it that | need

to be told or be shown or be made to understand so that | don’t miss sgradting the
way—and | think that's why the team is maybe more important with a BIM project than it
is with other projects because everything is so integrated.

(A2)’'s knowledge however of BIM tools was limited and she completely relied on
(Al). It washer first experience with Revit in an architectural project:

A2: It's really going to be a learning process for me to go through a project from
beginning to end in Revit | have not done it before and | have taken one class to
understand Revit and to uastand BIM more so from a project manager standpoint and
specifically about how to get in a model and not blow it up.

At the same time, because of this full dependence on (Al), (A2) was not very
familiar with the details of the design aspect of the ptohe had to intervene however
to propose a resolution for the conflict concerning interpreting what the model means for

(Al) and (A4):
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A4: All she [A2] could see was this stuff (the Revit plan) and just a few of my sketches
she wasn’t familiar with auentire process...with the model...I mean she saw them but
she had no idea what this was.

Being “outside of the model thihg(A2) was slightly disconnected from the
process of modeling and the associated inconsistencies that took place between (Al) and
(A4). She would occasionally follow the progress of the team through pin ups of print
outs of the model and sketches, brainstorming sessions and verbal discussion, but was not
familiar with the entire details. She was aware however of the limitations ofdheitb
respect conceptualization and having to make a lot of decisions beforehand:

A2: That's going to be a little bit of an adjustment for me but | think it'll just be more of
sessions sitting down with the team and doing just some quick pin ups argl\skere

are we with the model and let’s look at it and bringing it up on the screen and trying to
understand the level of detailbecause | think it forces you to make a lot of decisions
and so to me I'm thinking what kind of decisions are there beiade early on in the
process that maybe I'm not necessarily aware of because I'm kind of outside of that
whole model thing.

By simply “asking questiorisn the brainstorming sessions, (A2) would point out
significant issues as amutsider She realizedhat (Al) and (A4) were stuck in their
perception of the BIM base model and what it meant for each of them:

A4: She [A2] started asking very very valid questions...and | started pulling drawings
and | said we already studied that and we already studiedahdtwe did that and we

did that— and just by asking questions she kept saying listen you guys are stuck into
this...and let’s just think about this as a bubble diagram.

She also realized that the appropriate walpoi atthe model in this stage was to
perceive it as a bubble diagram because it was too early to think of it as a functional plan.
Using Revit from day 1, according to (A4), resulted in a fixation that affected the
evolution of the design from beginning to end. To her, it was hard to depauttifie
functional plan view which was already similar to the initial stacking diagram because of
this fixation. It was equally hard to develop alternative schemes because of the mixed

perceptions and views from both (Al) and (A4):
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A4: Everybody was complamg while we were having these critiquesthey were
complaining about how detailed the layout is and it wasn’'t even a plan yet and how it
looked like a plan-it is very possible that our present plan is so close to the functional
layout we had before baase they were so similarbecause we couldn’t get away from
the fact that they were so similarthe functional plan looked like a planit is very
possible.

The fact that the layoutdoked like a plahbut “wasn’t even a plan yeadded to
this sensef fixation and the unusual level of detail that had to be embedded in the model
at an early stage of design. While (Al)’s model forced most of the teafalltinto the
trap” of the mixed messages of what the layout represented, (A4) saw that heesketch
were more clear and expressive. While (Al)’s iterations of the model were mostly not so
different the evolution and expression of the design, and the transition from the
functional plan to the plan itself were masigiblein her sketches.
This preseted a limitation for her in terms of the capacity to conceptualize and reflect
solely in the model. She suggested that thedguagé that (Al) and other expert
modelers employ in their process demonstrates how a BIM tool “operates” in the minds
of the team when they are not competent enough with the tool:

A4: And that will say something about how Revit operates in our minds now because
we’re not used to # once we get used to-tbecause (Al) was saying oh to me this is
still not a plan | see it as aihctional— but we all thought it was a planhe is used to it

— so for people who are used to this kind of language the functional stuff is really not a
plan—for us it was.

The tool therefore was more limiting for (A4) in early design phases and was
more of an obstacle, as it did not allow for her-tlgavn approach to be articulated. She
thought that the base model was more useful and efficient to use for later design
development stages when the design was more defined. (A1) however could seamlessly
express his bottorap approach using the functionalities of the tool and could carry it
over easily to subsequent phases. The model was therefore more efficient for him in the
schematic design phase. This discrepancy in perception of the BIM model and design

approach affected how (A4) pictured (Al)'s contribution in termsdesigningthe
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building. She believed that he seemed to adopt an “engineering approach”, focusing on
just getting the job done and stacking some spaces beside each other in a way that work

practically but does not necessarily guarantee “good design”.

5.2.3 Event 4: Model Coordination within Team — Scope of Modeling

In design meetings within the architectural team, (A1), (A3) and (A4) often had
discussions about model coordination and howse the BIM base model efficiently.
Most of the discussions were concerned with the scope and level of detail of the model.
The typical conversation was oriented to questions of whether to represent certain
elements, how to represent them and to whel lef detail they should be represented for
coordination and effective workflow purposes. The following dialogue involves
discussions within the team during early design development about representing
equipment and furniture elements in the model:

A1: (A3) you will notice one thing that you will see hereve will have to go through and
maybe spend a little time to coordinate it just the way you wantati will notice all the
furniture and equipment is dashed out.

A3: Because we want to turn that offthre floor plans right?

A1: | think if we leave it dashed it reads pretty well.

A3: Yeah but once you get all your dimensions and notes and everything on the plans it
will be too...

Al: | think for DDs it's ok but once we get intdbecause | think we willdodoing major
dimensions here once we get into really fine tuning here and dimension line dimension
line dimension line.

A3: | just honestly (Al) | don’t think we have a need to do that because we usually don’t
see it very much on the floor plans.

Al: Yeah and we can even half tone it.

A3: We usually have like a furniture plan which says furniture not in contract.

Al: Essentially | think we should try to keep it on one plan if we-cand if it's not too
busy then we can isolate it but we can take ehasd do them half tone I've got
different— I've got furniture systems and specialty equipment so | think what we’ll have
is we’'ll have— we can do schedules based on furnitdrebviously there is equipment
that is actual equipment like dental cha#snve can have the equipment and furniture
schedule or we can have a tag that says furniture not in contract.

A3: See that's going to be a bit more complicated.

Al: I'll leave that...
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A3: With other projects- all the other projects | worked on just haveoit a furniture
plan because the floor plan gets way too much informatiomean maybe you will have
to split it up into notes and dimensions because it's too much information.

Al: If you open up a family (Revit family) go to categories and parametesayg
furniture it's supposed to be specialty equipmertlose it and save it back and then
schedule on the right.

A3: OK.

As an interior designer, (A3) was accustomed to a certain method of work with
furniture and equipment that implies having separataittire plan views rather than
displaying them in the base plan. Bye usually have like a furniture plari.and “all
the other projects | worked on just have a furniture plan(A3) refers to associations
with not only thecommunityof other participarg she had worked previously with on
other projects, but also tttmmmunityof interior designers at large she belongs to, with
its own standards, methods and procedures. (A1) was more focused as an expert modeler
on incorporating maximum elements in thesébamodel to facilitate coordination and
visualization among team members. According to his viewpoint, why not model and
display most building elements, including furniture and equipment, if the tool allowed
that and it would potentially enhance visualiziing spatial qualities of the building for
all participants?

A4: So for this phase are we going to show the dental chdim just curious.

A3: The way I've seen it in the past is you have a furniture and equipment plan at the
very end of the set drall it is is a reference sheetand maybe then it will say this is a
dental chair not in contract and it will say all this is not in contract for reference-ehly
don’t know how we want to do that

Al: 1 mean | think we need to show it.

A4: To show itin plan so that they can understand it?

Al: Equipment and furniture can havewe can just have a notewe’re going to have
general notes on the floor plan anywaywe can just have notes and put something in
there— but | mean you just put somethingttlsays furniture provided by owner not part

of contract.

A4: We have to show it in plan though right?

Al: 1 mean | think we need to show it.

A4: We do or we don’t?

Al: You know | was looking at different sets that have already shown furniture but isn’t
in contract just for spatialso you can see it spatially.

A4: Yeah
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A3: Only on one plan or the whole set though?

A1l: We can figure that out there is a lot of information on these sheetge’ll just have
to see it there is not a ton of information in feebecause it's just a flat floor but | mean
we will get additional walls and all that other stuff as it goes alerge’ll just have to
see how the set developtsdon’t want to add sheets right now.

The persistentl“think we need to show' iteflected(Al)’'s preference to include
more detailed modeling for better spatial visualization, and at the same time to be
efficient in terms of number of sheets, where more information is more integrated and
less scattered across project sheets.

A4: So forexample for the 100 seats are we going to show the seats or not? Because
those ones are included right?

A3: Well (Al) is proposing that we do and I’'m proposing we do-dts just where we

show it— | mean | don’t mind if we show it like that but | thwk need to show it on a
clean furniture plan so that that is all that you see as furniture and equipniedause

it gets really hard to read both things on one plaso if you want to show them on the
floor plan then that's fine

Al: | mean we can ddiat— | mean either way is fineI’'m just always trying to keep the
sheets to a minimumait’s just more sheets to manage

A3: Itis.

Al: | mean | can make these half tone so you can barely see them but you realize they
are there—we’ll look into it

A3: It really needs its own sheet because if they hire us to do furniture and equipment
then that’s the sheets that they will use

A4: | was about to ask | mean they have to hire somebody else or us?

A3: Well (A1) acts like he’s going to do it himselhe’s going to take that sheet and
hand it to you-the furniture dealer you know

A4: Or he’s going to build the dental chairs himself

For (A3), there was no disagreement about furniture and equipment being
modeled in the first place. The controversy wager where they are represented.
Although spatial visualization was one of the benefits the tool offered, (A3) did not feel
the need to represent those model elements to that maximum level of detail, especially
when somebody else would be hired to doftmaiture work. A furniture plan was then
enough for the purpose of this project in her viewpoint.

A1l: Do we handle putting our little outlets in there?
A3: That's what | was going to askno typically | would send them the furniture plan
and place thigs according to that and then sort of relate it to their viewe may have
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like a 30 minute meeting just to go over electrical strategy especially for like the labs and
stuff— see | was just curious about how that all is going to wesk if they neecdhings
from us or we’re waiting on things from thenare we going separate ways here?

Al: | don't think that will be in DDs but that coordination stuff

A3: What do they have?

A1: Hopefully they have something

A3: Specs maybe

Al: So | think we’ll put eme specialty stuff in ours like if we requiréike wherever the
compressed air is then we show that temporarily so that they krowe can just put a
detail note on there

A3: What are we going to do about thathat dental- you said we need a congssor—
do you have it far away so you can switch it on?

Al: 1 mean it's going to have to be in a backraom

A3: Lord — I haven’'t done RCPs (reflected ceiling plans) in a long time

Al: It's easy— now things like soffit walls- | mean if it's— just draw agyp ceiling
because that’s the only place you see mow if we had a section cut through it or
something we can kind of fudge it later

A3: Yeah we’ll probably fudge it later

The ‘fudge it latef process summarizes the approach that (Al) and thefrdst
team reached consensus on and adopted later on with regards to modeling. Although (A1)
seemed to promote going to sophisticated levels of detail to represent building model
elements, he only implied that as a tool to help the team in their desicgspr for better
conceptualization and visualization. For coordination however, whether within the team
or for later coordination with the consultants, his approach was to reduce 3D modeling as
much as possible. He preferrpdrtial modeling in most cases wherthét's the only
place you see'itand “fudging the process only when needed and if that part of the
model would appear to others sharing the model in specific views.

A3: Well it depends- are we going to do any quantitgke off or anything from this
model? Is it going to be a super Revit model or the just it looks right model?

A1l: Well | have not heard the demand forit think if somebody asks for it

A3: You know that we have to turn it over to them right? To (theifignagency) and to
(the client)?

Al: I'll have to ask

A3: Nobody really know what they really want or what to do with it once they get it but
isn’t that one of the requirements?

A4: What-the Revit model?

A3: Yeah to give them a model don’'t know tha they know what to do with+#that's
the last | heard

A4: Well they have their CAD programl’m sure they will know what to do with it
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The bottom line was in fact the method of delivery of the project and whether
accurate information was to leatracted from the base model or not. In this groundwork
phase within the architectural team of preparing the model for exchange with consultants,
a “super Revit modéimplied potentially more detailed modeling with greatest attention
to accuracy and vality of the information embedded in the model. Addel that looks
right” represented a pragmatic approach, especially if no regulatory body would “check”
the model for consistency and correctness. At the same time, it implied just a reference
model for cordination which required more communication channels with the
consultants to provide the necessary information for their calculations and analysis

process.

5.2.4 Event 5: Navigating through the Model — Opportunities for Reflection

Using the BIM base modldor visualization and navigation was one of the
effective but not so often exercised activities within the architectural team. Only a few
design meetings used the model as a means to reflect and develop the design of the SG
building. In most of the meetys, the team would meet in the hall, pin up print outs of
the drawings and sketches. This was true for most of the building spaces. For more
complex spatial configurations such as the triple height main lobby, the team would open
the Revit model for a dailed study of the 3D configuration of the space. In the following
conversation, (Al), (A3) and (A4) discuss the design of a light monitor in the main lobby
space in the middle of design development, using the Revit model projected on a screen
in one of tle meeting rooms in the firm.

Al: | think having this-just a light monitor above here (pointing to lobby space) would
be really...

A4: It's going to reduce our cost.

A3: What— around here-that line?(directs a pointer to the projected image of the model
on the screen)

A4: It's going to be a tiny little thing though.

Al: Actually that doesn’t look right (brings up a plan view of another levelipt that
right — because the upper classrooms are here.
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A4: But maybe it can be extended to there (A3 der¢lae pointer to where she assumes
A4 indicates).

A3: Or maybe put a little wall here or extend that out.

A4: It should be extendedif we are making it shorter it should be up to the point where
you showed (A3).

A3: Or something to bring that...

A4: To bring a little bit into the third floo~on top of the third floor.

In this segment of the meeting, (Al) was in charge of navigating through the
model on the computer. (A3) was standing beside the projection screen, using a pointer to
guide both (Al) and (4) to parts in the model they started to discuss. (Al) was first
switching between plan views to figure out where a suitable location of the light monitor
could be. (A3) and (A4) began to reflect on the views and discuss possible adjustments to
that locaton. When they all needed more clarity in terms of 3D spatial configuration,
(Al) started moving between different views, including plan, section and 3D interior
perspectives.

A1l: Here? (brings up plan view of third floor)

A4: The other one- yeah there- up to there (A1 moves mouse to point to where he
assumes A4 indicates)

Al: You want to lock that beam through there? (begins to move walls around)

A4: No no no— what I'm saying is- | think we are talking about two different things
(moves to projection screen to explail)was just saying...

A3: If that ends there...

A4: The light monitor should end here if anything should end if we want to make it
shorter not lere—you know what | mean?

A1l: OK —but the floors above come to here.

A4: It's alright because they are going to overlap in section a little bit you know you're
going to have...

A3: | see what (Al) is saying though.

Al: (brings up a zoomed in view of atn) oh yeah- probably you want to stop it here
because this...

A4: But it's alright if they overlap a little bi- would that be a problem?

A3: But it's not—that’s not going to work though on the first fleeit can’'t extend over.

A1: (brings up a sectiowiew and zooms in) if you extend it oveoh — where are we?
We’'re saying it's right there-if we extend it to here (pointing with mouse to the location
A4 suggested) then this glass has to come up and underneath and...

A4: Oh.

Al: Here it would be a clen piece (pointing with mouse to the location in section that he
preferred).
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A3: Well maybe we can do something with the floor finish or something to bring that line
— it kind of looks like it's in the middle of nowhere you know.

A4: Yeah.

A3: (Al brings y an interior 3D view) In the 3D view it doesn’t read the sani@oks
better.

A1l: Oh—the light monitor isn’'t even in the right place (switching to another view) so say
the light monitor goes right down through here.

A4: Yeah.

Al: So it continues past...

A4: Yeah that's what | wantedto continue past that.

Al: It would stop right here.

A4: | think it's odd if it stopped here but anyway (Al switches to a rendered view of the
same 3D view}-it's kind of nice to continue.

Al: 1 kind of like the idea of going through there that just separates it from this.

A4: Right.

Al: And that makes this like a glass box here (pointing with mouse to the glass box area
on the 3D view) because that has to be separatadd then this piece is open and the
light comes fronthe stair—the main stair all the way across.

As (Al) started switching between plans, sections, interior perspectives and
rendered perspectives, zooming in and out and panning, and moving walls to test possible
locations and resulting space quality, tkam engaged in more detail in the discussion.
Comments and suggestions started to build up that expressed a more detailed and focused
understanding of the location of the light monitor, the quality of the space, and an
accurate description of differenpatial relationships like yeah there— up to therg,

“lock that beam through théte“the floors above come to héréthat ends here
“extend it herg “has to come up and underné€athcontinue past that “looks like it's

in the middle of nowhetg”going through there just separates it from thisnd ‘then

the piece is open and the light comes from the...main stair all the way adMigsthe
continuous process of reflection and exchange of ideas, the team members staged to
more into the mode(A3) took the conversation to another level, when she asked (Al) to
apply interior views at specific camera angles.

A3: Can you shoot one like here? That way? (standing up and pointing at a desired
camera location she wants to visualize a different pathe 3D view) so we can see into
that little seating and see that big wall on the first floor? | wonder if we can get a camera
—if we can get it to rotate around to where you want...
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Al: It's a little tricky (expands 3D view window to the right to exgpp@amera scope and
applies a rendered view and pans).

A3: Can you walk up the hall? (A4 laughs) yeah if you walk down a few columns then
move left— can you do that? (A3 and A4 laugh)well that's what— you know what |
mean- you can walk can’t you? Doésstill do the...?

Al: (after getting to a suitable view) | think that helpgou get an idea of the massing
and here is the best view that comes under.

A4: These are so...

A3: That's the little seating area and the wall.

A4: That's where | start to lovRevit—you get all these interior stuff just like that.

Al: You can’t really see the light monitor though.

A4: It's awesome.

A3: So that's where you can look up and see through stories up.

A4: Yeah and | like it to continuewe’ll see.

A1l: Oh we'reunder the table (A3 and A4 laugh).

A3: Oh | didn’'t know what that wasthere we gc- yeah that will look great by those
columns-don’t you think?

A4: | think so.

A3: | like that— very dramatic.

This allowed the team tcsée intd the seating area ande of the big and plain
walls in the lobby that needed an element of detail to it. This developed to (A4)
suggesting Wwalking up the hall “walking down a few columtisand “moving left in
the lobby space. The conversation moved to a different levehrokrsion in the space,
where the team were almost standing in front of the elements they wanted to study and
started to propose ideas and different scenarios.

A3: | think this would be a great space in here (A1l showing another interior view).

Al: Yeah thigs kind of one wall.

A3: This will be our photography space right her¢hat's what they’ll take a picture of
—which I'm sure they will actually we're trying to really get into more technical college
projects.

Al: It's this wall right here— be carefulit’s...

A3: Yeah it's a plain wall ha?

Al: Yeah but it could be done nicelywe could put a super graphieyou know what
would be coolt if we could do fritting on the glass as a super graphic and then it comes
in and translates across that walthat cauld be a cool idea.

A3: We could have some reveals of the gyp board or something...

Al: Yeah do some reveals througheubr we can do reveals and replica and then just
do like a subtle like-it's white paint and then it's off white so it’s real subtle.

A4: That wall there you should be able to see from all fledise entire atrium.

A3: You're really going to see it.
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A4: You are going to see it from everywherthat needs to be good.

Al: We cando a...

A4: Fur.

A3: Painting.

Al: (moves to plan view) whatwe take this wall but instead of sold think we talked
about that before- but do slivers of like channel glassnot channel glass but like
frames...

A3: Slots?

Al: Yeah slots through thereand then maybe we decontinue that treatment there or
somehing all the way through that would be something interesting.

A3: Or at least that flavor coming across.

Al: | think it's just there as a placeholderit’s all glass right now.

A3: Yeah | think that would be great because you can kind of walk andksek little
shadow pieces of...

Al: Yeah you can do frosted glassalf and half.

A3: And if we don’t have any moneywhich we don’t- I've been using a lot of the 3M
film —and it actually turned out really nice.

Al: Yeah—1 mean that has to be a smdkarier.

A3: If you have glass and then you put the film enlilon’t know which side probably
the lobby side.

A new spaceof thinking began to evolve among the team members. The team
realized that the wall is actuallpfain”, seen from all floors—the entire atriuiy “you
are going to see it from everywhgrand that it heeds to be goddand needs a lot of
“treatment; something that may have not come up without navigating through the model
at this stage in the project. Different opportunia@sl suggestions for wall treatment then

began to emerge, like paint, glass fritting as a super graphic, gyp board reveals, slivers of

channel glass, half and half frosted glass, and others. Other considerations built up as

well, such as realizing the sidisance of the triple height lobby space and wall as a

potential ‘photography space marketing potential for getting in other technical college

projects for the firm, and budget considerations such as using reasonable materials at low

cost. This detailesavigation of the model, with its different stages, enabled the team to

read more into the design and reflect on several issues. This was not employed frequently

however in other meeting sessions.
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5.3 Interdisciplinary Interaction: Shared Space of Communication and Mutual
Understanding

This section discusses some of the salient features identified in the third type of
interaction: interdisciplinary interaction, both with-liouse consultants and external
consultants or AEC consultants. Sections 5.3tautph 5.3.3 introduce three key events
related to the interaction of members of the architectural team with theuse cost
estimator (C1). These events identify issues related to the recognition of needs of
disciplinary participants. Figure 5.5 illustes the main tools and representations
employed and exchanged between the architectural team and the cost estimator (C1) in

the SG project.
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Figure 5.5. Tools and representations employed in the interactions between the

architectural team and the cestimator (C1) in the SG project
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Section 5.3.1 involves the cost analysis feedback loop and some of the missed
opportunities that emerged in the study. Section 5.3.2 involves the gaps identified
between the information embedded in the BIM base modeltenahformation required
by (C1) and the reconciliation efforts to fill those gaps. Section 5.3.3 involves the
challenges that face the architectural team and estimator during the transition to BIM, and
the role of the BIM manager in resolving communicat&sues and developing robust
information exchange mechanisms between them. Sections 5.3.4 through 5.3.6 introduce
three events related to the interaction with some of the AEC consultants; mainly the
structural and MEP teams. These events identify emeigsmes related to the shared
space of communication among AEC teams enabled by the BIM base model. Figure 5.6
illustrates the main tools and representations employed and exchanged between the
architectural team and the structural and MEP teams in the@€xip The civil and A/V

teams were discarded from this figure since they did not use BIM tools in this project.
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Section 5.3.4 involves modewnership and shared repositories of information,
and how teams develop workarounds in their model exchange and update process for
practical reasons. Section 5.3.5 discusses the sole use of BIM models and the need for
additional means of communication suchs verbal discussion or additional
representations. Section 5.3.6 discusses the significance of understanding the underlying
logic of analysis programs to generate reliable analysis results rather than relying

completely on automatically generated results

5.3.1 Event 6: Informing the Design — Missed Opportunities

This event describes the mutual interaction between the architectural team and the
cost consultant while discussing the design of a specific element in the courtyard area of
the SG project, anitis cost implications. (A4) was assigned by (P1) and (A2) to design a
cast in place bench in the extension of the courtyard. As she was still learning some of the
technical aspects of its assembly and fabrication, she spent most of the DD phase
discussingthose aspects with the structural engineer, landscape engineer and some
concrete specialists and subcontractors. Cost, however, was an overlooked issue in this
design process. This resulted in a past due discussion between (A4) and (C1l) about
figuring outways to include the designed element in the tight project budget.

As this bench was not an inherent part of the design and was introduced later on
in the process where most of the budget constraints were already set, (A4)’s intention was
to design somethgthat was as cheap as could be. Her design process, which extended to
include sophisticated finishes and cast in place burnished concrete, was mostly through
hand drawn sketches which she exchanged with the landscape and structural engineers.
She also inaded the bench in the base model to get an estimate. There was a strong
disconnection however between her sketches, design iterations and discussions with the
engineers on the one hand and the cost estimating process on the other. The first figures

she wa getting as an estimate for the bench were around $1000. (P1) and (A2) did not
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pay much attention to the possibility of building this element or to the low cost, as this
was secondary compared to the more important details of the building. As things were
heading more towards refining the estimate, (A4) was faced with a very different number
than she had in mind at the beginning:

A4: | designed it in my mind the cheapest way possiblell after estimating it, it turned

out that it was 39000 dollars thisis what the subcontractors told us then | estimated it
again with somebody ihouse [C1] and he said it's probably 15000 but anyway we
might not do that because we can't afford anything like that...the thing is that we had it
in the DD...for some reason it wastimated at 1000 dollars.

For her, $1000 was already a nonsensical figure, as it cannotkawer piece of
furniture’, but she thought the real figure would be something around $5000 or $6000
and not $15000 in the best case, which was (C1)’s estirAatidat point, she felt the
disconnection that was happening between the sketches that she had produced
independent of the cost analysis process:

A4: Anyway | designed something in the end but I’'m not sure it's going to happam
| reached the conclisn that nobody knows what's happening in the hardscape plan that
| put together a long time ago through sketches.

It was almost impossible to include (A4)’'s bench in the budget because it was a
completely new item. Although the $1000 and $15000 estimates were both generated by
(C1), the amount of detail and information that (C1) was provided with at the beginning
was minimal and did not reflect the complexity that (A4) expected. At this point in the
project, she argued that the bench was modeled and represented in the BIM base model
and therefore should have been included in the estimate to reflect what she wameéd. Bas
on that, she asked that there should be allotted money for this hardscape element:

A4: Actually this was modeled...but anyway after this whole thing | wrote an email to
(P1) and (A2) and told them ok we have this thing estimated at 1000 dellarsean

they encouraged me to design it in the first place but they needed to know where-we are
we have this thing that we don’t have a budget for right now and was estimated by
subcontractors at 39000 we can bring it down to 15000can we get this money from
somewhere else?
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The problem here is that, according to (A4)’'s claim, the bench was in fact
modeled But what doesnodeledmean in this case? Does this guarantee thatighe
estimate could then be produced accordingly? This implies either that thie Wwasc
modeled correctly and the estimator failed in his take off process or that it was not
modeled properly to begin with and the estimator did not have enough information to
instigate his calculations. The latter was the case:

C1: It's sort of a customtém— it was a cast in place bench that was integral with the
slab on grade and it was ground and it was polished and it was self supported and it
cantilevered and it had a hole cut out of it and it had a planter comingtbpt kind of
stuff—and on thedrawing it shows as a rectangle like that.

In the model, (A4) modeled this complex cast in place bench as a simple rectangle
without any details, but just as a custom object with no specifications. This was partly
because she was not experienced enoutihtie tool and relied mostly on hand drawn
sketches, but did not convey this information later on in the model. Not only was the
necessary information not embedded into the model element, but there was also no
dialogue going on between (A4) and (C1) sistie started working on her design.

(A4) gave (C1) only broad headlines with no specifics, and so he produced an
estimate with a very low figure. Upon developing her design and introducing many
materials and much complexity, she did not consult with (@&ij went on with the
design till the very end. In addition, (P1) and (A2) had initiated the idea of this bench in
the middle of the process, just at the beginning of DD, where the budget was already tight
and the cost of the bench was not put into congiga. (C1l) suggested that the
interaction with the architectural team should have taken a different approach:

C1: That's how the process should work is that the design team says here is what we
want to do and then we look at it from a cost perspectidesay well I'm not sure you

can afford to do that or yeah sure you got plenty of money to de thtitey can’t afford

to do it they go back and they revise their design and we come back and we look at it
again and say yeah that should work from a ctatdpoint— and if say they come back

and they say the design can’t change then we need to change something else so that we
can save some money over here so we can apply it to this bench.
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This mechanism that emphasizes constant dialogue and reconcibioanid
produce, according to (C1), a cost aware design; one that provides continuous feedback
to the designer from a cost standpoint and even to the estimator with regards to tracking
and controlling the budget all over the project. In order to makefamriad decision, he
has to have enough assumptions about the element he is pricing:

C1: Here are my wall types and I'm deciding if the wall is gyp board or1bit’'s got

one side or two sidesif it's structural — if it's got a bat—if it's rated — so rather than
pricing generic walls we got some fairly detailed and it's pretty easy to talk to folks to
say here are the assumptions that I've madare these reasonable assumptions?
Specific assumptions but are they reasonable versus if you don’t dthémawhat you

get you got a big lot of money sitting therB0000 dollars- and what does that include?
I’m not sure what that includes.

These assumptions should be at a certain level of detail and not in the form of
generic pricing or a lumpsum figuréhat does not give him any clue in terms of
breakdown or how to track it across the project phases:

C1: Philosophically some people’s approach is: landscaping 100000 dceHalnsow a
100000 dollars- and philosophically this is where | disagree and venemould rather
make a bunch of small guessespecific guesses and say yeah that all looks right.

“Throwing a number as anestimaté makes no sense for (C1) in this case, and
that is why he needed much more information from (A4) or from any otleenber in
the architectural team in order to use this information as a foundation and infer some
additional parameters based on his experience to naledlifjent decisions

C1: Let the number be the number and it goes back to...do you just throw a bricgen
wall at it or do you make some intelligent decisietvghat do I think this wall is going to
be? Obviously | know if it's an exterior or interior walif it's made out of gyp board or
masonry or something elseprobably gyp board- is it in a locaton where it's going to
have to be rated? Yeah it probably will have to be rated.

These decisions would lead to a reliable figure that (C1) would trust and be able
to track and manipulate throughout different phases instead of putting a generic figure in

that represents a big black box for him. Even with an expert estimator like him, lumpsum
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figures are meaningless. He cannot infer if a given total cost is appropriate or not unless
he is provided with incremental pieces of information and assumptionstdbbuaost:

C1: I've been doing this for 20 years and if somebody asks me should 150000 dollars be
enough to do that? And I'm like...how much is that 150000 supposed to cover? And then
you start saying oh it's 2 acres or whatever so many square-feetl then you start
backing into it if it's this many square feet and there is this much a square foot unit cost
that should be enough well if you know that then, why not show that you know rather
than a one lumpsum of 150000why not show so many squaretfand so many dollars

per square foot and that’s the point of all this.

Showing those assumptions explicitly and early on becomes then essential for a
more transparent process where design decisions can be informed in real time in
accordance with budgebnstraints:

C1: It protects me or whoever is doing the estimate where you show people this is how
much of this I'm assuming we’re going to have.

Figure 5.7 shows a segment of a schematic design estimate prepared by (C1) for
the SG project. Although thestimate is at an early stage of design, (C1) preferred to set
it up at a fairly detailed level that allowed him to understand and track every line item

from beginning to end.

B30 - Roofing 79810.0 gsf 0.00 0.00 50 $295,152
B3010 - Roof Coverings 0.0 sf 0.00 0.00 50
vapor barrier + insulation 0.0 sf 0.00 0.00 S0
membrane roafing (modified bituminous) 29015.0 sf 9.50 8.93 $259,010
flashing + sheet metal (coping) x10" 402.0 If 14.90 14.00 $5,627
flashing + sheet metal (coping) x12" 913.0 If 16.80 15.79 514,413
flashing + sheet metal (coping) x16" 66.0 If 20.50 19.26 51,271
flashing + sheet metal (gravel stop) @ canopy 533.0 If 15.00 14.09 57,513
specialties/accessories 0.0 ea 0.00 0.00 S0
rough carpentry 3894.0 If 2.00 1.88 §7,318
B3020 - Roof Openings 0.0 sf 0.00 0.00 50
skylight (gable) x1'6 0.0 sf 80.00 75.17 S0
C10 - Interior Construction 79810.0 gsf 0.00 0.00 S0 $974,573
C1010 - Interior Partitions 0.0 sf 0.00 0.00 S0
cmu partition 0.0 sf 0.00 0.00 S0
metal partition (composite panel) interior 0.0 sf sy dif 35.06 50
gyp board partition 0A1G x1 :ceiling 21300.0 sf 3.46 3.25 569,251
0A2G x2 :ceiling 7300.0 sf 4.93 4.63 533,817
0C40G x1 :structure 1360.0 sf 4.52 425 55,776
0D2G x2 :4°0 aff 360.0 sf 4.93 4.63 51,668
OF1G furring (spandrel) 1018.0 sf 4.08 3.83 53,903
OF1G furring :ceiling 2436.0 sf 3.40 3.19 57,783
051G x1 :structure 6502.0 sf 3.68 3.46 $22,484
0S40G x2 :structure 7076.0 sf 5:15 4.84 $34,243
0S49G x2 :structure w/batt 47002.0 sf 5.88 553 $259,695
051G x1 :structure w/batt 1174.0 sf 4.42 4.15 54,876
1CH48G x1 :structure w/batt 4972.0 sf 8.50 7.99 $39,712

Figure 5.7. Segment of SD estimate prepared at a detailed level by (C1)
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5.3.2 Event 7: Reconciliation — Filling in the Gaps

The process of adjusting the design to fit within the allotted project budget was a
very critical and exhausting one. (C1), (A2), and (Al) first came to realize that there was
a problem with the budget dte end of the schematic design phase, when they found that
the project was 60% over budget. This was shocking for the architectural team, but
expected for (C1) who was always complaining that there should be constant dialogue
between him and the team order to reconcile cost early on and as a continuous
feedback process rather than an afterthought. The natural outcome of their discussion was
that a process of redesigning was inevitable:

C1: (A2) and | sat back here and played with these numbers adittyiget with an eye

on the bottom line trying to get this thing into budgéiut she went back to (Al) and the
designers and said here are the percentages see what you can do with theem
ultimately he [Al] came back and said here is what we canltre is a design that we

like and here are the percentages associated with it so we plugged those in and tried to
make everything workit’s how they all should work.

(Al) provided (C1) with the new design together with the quantity take off
generated &m the Revit schedules. (C1) already had some of these percentages and
figures early on in the design, but there was a disconnect between the development of the
design and the estimation process for more than two months, as the team was more
involved in agusting their design and did not pay attention to cost as an important factor.
(A1) thought that it was so difficult to provide (C1) with schedules from the BIM base
model at such a preliminary stage of design. Although it was a waste of time and effort,
(C1) had to go through the automatically generated Revit schedules as well as his own
guantity take off mechanism as a double check to study how everything could fit back
within budget. He set up his spreadsheets in a way that made it easy to manipulate and
have ‘tontrol’ over the numbers, and therefore adjust relative percentages of exterior
facade materials to bring things back to the assigned budget:

C1: | measured the brick veneer and measured the stucco and | measure the metal panel
and | measure the atefront curtain wall and we were over budget so then what we
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started doing was well this is how much exterior skin you have then let's decrease the
guantity of expensive skin let’s increase the quantity of less expensive skin.

It therefore became a praethat was totally dependent on modifying relative
weights and percentages of exterior materials to come up sétisiblé numbers for the
overall project cost. For (C1), this was a process that worked for him regardless of the
technology used, but wasome dependent on his personal experience. He knew that he
could have done this process in a tool like Timberline for estimating, but Microsoft Excel
was sufficient a tool to carry out the same steps. In addition, he felt more confident
because he had hisva calculation methods embedded in those Excel spreadsheets:

C1: As a design tool it was helpful because that tells the designer ok we priced 32
percent of this exterior skin with brick veneer35 percent of it being stucce 9.5
percent storefront 135 percent curtain wakl- so if they are going to deviate from those
ratios then they are going to have to find a way to do it...they are going to have to come
in here and they got to increase their quantity of inexpensive wall and decrease the
guantity of egensive wall.

According to (C1), this process was not about the technology as the technology
just “gives you the datawhereas the decision making process in estimating is more
about ‘how you interpret the data So for him, he was less concerned abow th
estimating process, where he had his own tools and calculation sheets that he trusted
more than any automated cost estimation software. He was more concerned about
guantity take off although it seemed like a straightforward process. This concern was
always more in earlier phases of design, where the architectural team is still developing
the design, with a lot of hidden variables and unknowns, and is not yet comfortable with
sending out the model to the estimator.

(Al) was reluctant to send (C1) the basedel for his cost review throughout the
schematic design phase. He believed that estimators in general have high expectations
since Revit can generate schedules at any given instance, but that it was not necessary at
this stage to do so. At the same tirakthough (A1) used Revit, he did not necessarily 1)

model every single element, and 2) embed the information that (C1) required for the
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building elements. For (C1), this demonstrated that (Al) and the team were not yet
committed to many design decisions:

C1: | guess they don’t want to be held to a decision that they made early on because they
think well 1 don’t know all this stuff whereas they can give me this wide description of a
wall but ultimately the way that | pricewhat | do is | look at this lindescription and |

say ok maybe it's like thisthis is in my opinion fits the best description.

What (C1) needed from the architectural team was not an accurate figure per se
but at least some information concerning building elements that leads ta gubss
informing (C1) about his estimation process. For him, if one or more members of the
team have specified the material of a certain wall for example but have not embedded
that information in the model, then why not inform him that they have made that
decision? (C1) was usually more willing to have an ongoing conversation with the team
about these decisions to provide parallel feedback and to avoid such drawbacks related to
the budget, but they still could not cope with that rate in their communiaaitbrnim:

C1: I'm open to them- | want them to tell me if it's right or wrong but unfortunately
many times they don’t look at it and they just say oh ok.

According to (C1)’'s experience with the team, they typically do their modeling
and expect it tanagically meet the allotted budget, which turns out not to be the case.
Rather than working on understanding what parameters or other pieces of information
that (C1) needs to carry out his process accurately without countless assumptions, they
tend to thik of estimation as a discrete process. They are usually cautious not to take any
decisions especially when they are at a preliminary stage, but (C1) claims that there are
“rational assumptioristhat can be put forward, and they should be the ones tohiake t
as they are more aware of the design than he is. He ends up making those assumptions to
a certain level of detail that suits his estimation process:

C1: When I'm doing a schematic level estimate | might go ahead and choose what kind of
partition — if they are just drawing partitions and they don’t tell me what it is but I'm
making decisions about whether I'm putting masonry partitions around elevator shafts or
around stairwells or I'm putting rated shaft wall here and I'm putting non rated
partitions that only go to ceiling in these locatiorsI’'m making those very detailed
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decisions very early on for pricing purposethat seems to freak out designers because
they would say well I don’'t know what it 4swell personally | don’'t know what it is
eitherbut I’'m making rational assumptions.

For (C1), it is only when the architectural team is faced with shocking analysis
results, primarily being off budget, that they start to realize the severity of the situation
and that they should work on modificatiamsredesign:

C1: Here is a comparison between a DD that somebody did for us out of house and our
SD and it's pretty easy to see...the idea is to break your estimate down to where you can
see where the big changes and where the problems ane that sort ofwvhat tells you

what you need to work eamost architects won’t change anything until you show them
that because they want to hope that what they draw will come in out or under budget.

The architectural team’s feedback was still not receptive enoudilio lfecause
they could not fully identify with what it is that he needed from them specifically. This
became disturbing for (C1) as he expected them to be able to recognize and embed a
minimum number of parameters for the model elements and export theelstwith a
fair amount of information relevant to his estimate:

C1: | said how do we get quantities out of Revit and so they said well we can print out
these schedules but then they were like what do you need to know?...they kept coming
back to me wantinge to tell them specifically what | wanted versus them being able to
just print out a report or a spreadsheet or a schedule from Resatthat was a little bit

of a hassle.

Even after exporting such information, it was hardly ever to the level of teil
(C1) needed and was very basic. (C1) had to spend a considerable amount of time to fill
in the gaps in the information coming from the model, adjust the numbers coming in, and
format them in a way that serves his purpose:

C1: Once we got out the infimation it was just very generic and not that useful but some
of the information that we got we could usbkut then it took to be able to get it in a way
or to manipulate it so that you can put it into Excel and use it...total alike items up,
group, sort, @ all that and then jump through all these hoops to get it to the final point.

This inconsistency and random method of work led (C1) to think about ways that
can reduce the gap between his understanding of the model and the missing information

from the achitectural team. His primary goal, which he decided to take on for further
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projects, was to establish a reliable “mapping” method to resolve inconsistencies. His

focus was on developing robust naming conventions of building model elements and

interrelatonships that help fill in these gaps (for example, establishing a fixed database of

names that thoroughly describe elements such as doors, walls, ceilings, etc. and their
different types, attributes and unit cost prices):

C1: Conventions that are descripé enough so that anybody that goes in the library can
understand the difference between this door and this door and this door or even our wall
tag system...I don’t think the problem is with overddghink the problem is the gaps.

5.3.3 Event 8: Transition Challenges — BIM Manager as Liaison

(C1) had been using the OnScreen take off software and Excel spreadsheets to
generate his estimates using PDF exports from Revit. Mostly encouraged by (B1), they
both saw the need for a gradual transition that all@®ig to extract quantities directly
out of Revit schedules and use another advanced cost estimating software package that
allows him to look at data in multiple ways. This was seen a@sasition to BIM with
the primary and pragmatic goal being enaplfC1l) to save time and effort in his
estimating process, engage in more analysis and feedback with the architectural team, and
have more time for working on other projects within the firm:

B1: Right now he [C1] feels like he spends a majority of his tand I'm talking
majority like 90 percent measuring drawings just doing take-o$fs we’re thinking well

if we can reduce that virtually even if it's not 90 percent if it's 50 percent that gives him a
lot more time to do actual estimating... you have thermi@l to have more analysis
along the way.

(B1) also knew how (C1) could not easily trust the figures and quantities coming
out of the base model because he would not be in full control of the mechanism
generating those figures. The fact that (B1) waara of (C1)'s method, perception and
way of thinking, was an important factor in the approach they both adopted to initiate the
transition to BIM tools:

B1: From Revit doing a simple export to Exeat meant creating a schedule in a certain
way— againthe limitations of Revit scheduling...l would be suspect of him [C1] if he just
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took it fore granted to be right the first time...it may give it in a way that his spreadsheet
wouldn’t accept it.

Both (C1) and (B1) were skeptical however about what those tBtN4 would
have to offer and whether it was a seamless process. They knew beforehand that it was
not simply an “automatic” quantity extraction or estimation process, and that it could
involve even more work to get the process to work:

B1: What we have nolue is how hard it's going to be to make the Revit model produce
that information...I mean it's not perfect by any meanss cumbersome and not the
easiest way to do to get that information.

(B1) was more confident in the information exchange cap@iiliamong the
different BIM tools than he was with the team essentially following the right procedures
to get that process working. He was trying to play the role of the liaison between (C1)
and the architectural team. (C1) had his own set of informatiah e needed and
formats that he desired, and the architectural team needed to know what those were, but
both were unsuccessful in communicating that. (B1), being an IT specialist, spearheaded
the effort to fill the gap between the two, as he felt he thaitervene to resolve this
miscommunication:

C1: (B1) and | will have to talk to make sure that they are giving me the information that
my assembly needs...we got to talk to and agree on what goes in each eflWvegmt

to let him know what | need fan assembly and then he’s got to let me know if they can
do that or not-if it's not reasonable, if something I’'m asking for is going to cause a lot
of heartache or a lot of extra work to do then we have to-fihéhave to find a way to
work around it.

(B1) and (C1) chose Innovaya and Timberline as the cost estimating software
package that they would employ together with Revit. Innovagthe ability to export
Revit schedules in spreadsheet form, visualize the 3D model in terms of its associated
unit price, and map Revit model elements to cost line items in Timberline to instigate the
estimating process. Establishing and mapping cdioenwas the most important factor

in the standardization effort that (B1) and (C1) worked on together:
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C1: What (B1) and | are in the process of doing is trying to standardize a lot of these
things so that we can get enough information just into the name or the label so that when
I’'m mapping and I'm linking to this side in Revit or Innovaya saying this equsls
Timberline thing over here it's pretty clear what's what...we talked about naming
convention for doors how we wowdvhat we’re going to call these things and getting
enough information built into here but at the same time having more detailed
information.

As this effort went on, there were issues that were considensal lardinef such
as basic parameters of model elements, and other issues that required a certain level of
detail that (C1) needed to develop his assemblies in Timberline accuratgtycaeed
with his approach. (B1) had to make sure that the degree of description of those issues in
the base model conformed to the assembly description in Timberline:

C1: On the Revit side when we draw a door it has to sort of cortdidoesn’t have to
contain all the same things that | put in the cost assembly but it has to be described to the
degree that | can see it and know that ok in Revit this door and frame is my door and
frame assembly over here in Timberline and so the big thingdsvteen (B} and | were

talking about it is- how much detail or how many of those items do we have in the Revit
library and also in Timberline assembly.

Both Innovaya and Timberline offered a lot of advantages for (Cl) such as
efficiency, the ability to visualize wlding model elements in terms of their unit cost
price in an interactive fashion, and the automatic extraction of quantities and generation
of project costs. Some challenges still remained however for both (C1) and (B1), mainly
the resistance of the antgctural team:

B1: Project teams all they will need to do is publish some type of whatever it is that
Innovaya needs to readso it's almost like printing to pdf they don’t really need to
know what is happening they just need to de what we need #m to do is to draw
correctly.

Besides the steep learning curve, proper modelingd@wing correctly, was
the main challenge for the team in this case. This included primarily accurate 3D
modeling but also careful input of parameters and proper usansihg conventions so
that the appropriate “mapping” would result in a reasonable estimate:

B1: If they create a family of some sort it's got to fit into that framework somehdw
they create a new wall they need to understand that you can’t just hamghing— it's
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probably going to have to have something meaningful that will work with Innovaya and
that’s going to be the challenge for the drawers.

Other challenges were related to the tool itself and the level of confidence that
both (B1) and (C1)dd in its methods of extracting reliable information and whether that
would affect the overall credibility of the process. In other words, could (C1) partially
rely on some data coming from the tool or would he completely turn down the tool to
begin with & a result of this mistrust?

B1: There are going to be some things that I'm confident we’re going to be abli¢go
going to count doors and windows and I'm almost I'm fairly confident even with the
walls—where | get nervous is things like casewonkl ather things- but the question is:

is it an all or nothing- can he [C1] say ok these are the things that I'm confident about
when | get it from Revit and I'm going to use those in my estimate and this other stuff I'm
going to look at it but I'm goingo actually do it in a different way over here in
Timberline.

During this investigation of (C1)’'s perspective, (B1) tried to put himself in his
shoes and imagine how as an estimator he would look at the model from a cost
standpoint. There were clearlylat of discrepancies between the two views. In the
process of selecting a tool that would be, in (B1)'s view, appropriate for (C1), a lot of
issues came into play. First, (B1) tried to find a tool, like Autodesk QTO, that would
feature a mix of two compones; automatic extraction of quantities out of Revit and at
the same time allowing him to mark PDFs of the extracted take off as he used to do in
OnScreen. (C1) however was not in favor of that mechanism. (B1) then recommended
using the Innovaya visual @s@ting software based on his assumption that adding a
graphical component to the process would enhance the take off and estimation process:

B1: | don't really understand how they [estimators] look at stuff to begin witvhen |

think of it | think if | @n see it graphically then it starts to make sense to me...to me it
would seem like it would be a better thing...and | would think from an estimating
perspective that if you saw a model of what is going to be built you can say well that's
going to be complicad to build or that's going to be more expensiie seems like it
would inform you more and that it would help you rather than hinder.
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This assumption was augmented by his observation of the nature of interaction
between (C1) and the architectural tedma (B1), if so much confusion was happening
because the medium of representation was not rich enough for (C1) to visualize quantities
of materials and their associated prices or did not contain all the information he needed,
then why can’t a 3D environmeenhance that?

B1: | think he [C1] does spend a lot of time asking questions of the team based on what
he is seeing in these two dimensional drawimgsd | can’'t help but wonder if a three
dimensional model would answer some of these...you could kisthrofvisualizing
materials inside of that and see that's there and this is there but | don’t see it in my
estimate or | don't see it in the information that is coming out of Reuvit.

For (C1) however, this was not the key issue. His main concern wagygéttin
architects to provide him with sufficient information, in any shape or form, whether it
was spreadsheets or a 3D visualization and automatic extraction of information. The
technology aspect was not his main focus, but he was worried about getliapke rset
of quantities from the model in a seamless manner. Once that is achieved, the rest was all
up to him since it is his domain of expertise:

B1: Estimating— there is an art to it- and why you would choose this person to do
estimating over anybgudis because anybody can look at a book and in RSMeans to see
how much something would cost but | think there is something to it more tharthbad

is this what's the world doing and what'’s the economy doing.

The main question then was how to get thedel to generate accurate and
reliable quantities for (C1), or more precisely how much of the model can he use for
generating those quantities? This was his main goal, as he was sure that a 100%
“automation” of this process was never possible, and thatirttervention and best
judgment was always inevitable:

C1: How much of it are items that you can sort of standardize in Revit and standardize in
Timberline and plug that out...if you can get 50 percent of your quantities out of your
model which | think iptimistic but say that it ends up being 70 percent then there is still
that manual take off there is still a manual element to the estimatbe only way that

you can automate it entirely well you couldn’t automate it entirely because architects
are never going to draw the entire buildirgthey are not going to draw every part and
piece that goes in the building.
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To realize what can be really “automated” versus what needed intervention, (C1)
had to identify in the Timberline assemblies he was bigltimee basic categories: 1) the
line items that are considerebW hanging fruit such as door counts and wall areas, 2)
those line items that can be extracted directly but required some assumptions from his
side, and 3) those line items that are nevedefed in the first place but have to be
included in the estimate, and those have to be embedded manually by (C1):

C1: Figuring out which items are easy or low hanging fraithen which items you can
make assumptions on and still automate them or make gmmeral fairly accurate
assumptions still have them automatethen those items that you are always going to
take off manually.

To set up these categories, (C1) had to build complex assemblies that take into
account some of the items that are aoginally modeled in the BIM base model. This
was the category with the maximum struggle and that required work from both sides.
(C1) had to develop ways to get that information somehowabkifig questiorisin his
custom built assemblies in Timberlinehi$ meant that he required more details from the
architects about the parameters that had to be embedded in the base model, whether the
element itself was actuallylfawn’ or not:

C1: You got a roof and you got a coping coming down and maybe you canriaiid

the fact that this roofing membrane comes up and turns up a foot or 24 12 indbes

you draw your counter flashing that goes over here? Do you draw all the other things
that are associated with that detail? | mean is all that information buiilt ine element?

| just always see that there are going to be certain things associated with this detail that
aren’t going to be quantified on the drawing yetut will be labeled and then we call it

out here in a section but will it be built into the eddéhat slab or that exterior wall?

Through the continuous refinement and development of these assemblies, (C1)
believes he can be more confident in the take off process and ultimately ending up with a
higher percentage of reliable information from tlesdo model. Although never 100%
reliable, it would help him trust the figures more, provided that the architectural team

performs the modeling task correctly:
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C1: Through assumptions or assemblies or parameters that we can build, some of these
things that @aen’t drawn into these model elemertso maybe ultimately this number
ends up being 75 percent... | don't think that that number will ever be 100 percent.

Figure 5.8 illustrates how (C1) worked with parameters in the BIM base model to
arrive at reliable ast parameters for his estimating process. When using OnScreen
(figure 5.8b), most of the parameters are not embedded in the PDF and require creating a
considerable amount of assumptions and a lot of manual input, since many building
elements are not moael. With Innovaya and Timberline (figure 5.8a), most of the effort
is shifted to making sure that the correct modeling and parameters are embedded initially
in the Revit model. There still remain some assumptions for line items that cannot be
determined aan early stage, and manual input for elements thdk fiever be drawh

according to (C1).

A Embed parameters Create assumptions Input parameters

Cost parameters
(a) in Revit [B1]) in Timberline {C1) manually in Excel{C1} s Ak

ready for estimate

Cost parameters
in base model

‘b) * Parameters not Create assumptions Input parameters Cost parame.ters
embedded in PDF in Excel [C1) manually in Excel {C1) ready for estimate

Cost parameters
in base model

Figure 5.8. Relation between parameters in BIM base model and reliable cost parameters
for estimation: (a) using Timberline and Excel from Revit, (b) using @edcand Excel
from PDF
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To reach a 100% reliable estimate, the assemblies would have to include, in
addition to a “perfectly drawn” model, very long lists of markups and parameters that are
not always easy to “fill in”. The tool then becomes so powerful@i) that it is more
confusing and hard to figure out because of the excessive setup and variables. Too much
“automatiori for him is not any more comfortable and does not add that much
confidence to him. He believed that a more successful model ofutieisation involves
creating libraries for building elements have a level of description suitable for each phase
of design:

C1: | keep using the word automate there probably is a better wdnat if you want to

use some of the information that's in yousMR model then it seems like you have to
develop different libraries- a schematic library— a design development library a
predesign library...I'd rather have one very detailed library where it tells me that a gyp
board partition goes from floor to strtuxe, it's got two sides to it, it's got insulation in

it, it's got 5 eighth inch gyp board and at SD when they show me the wall and | look at
it | decide I'm going to use that very finite description of what that element is.

5.3.4 Event 9: Shared Repository and Model Ownership — Pragmatic Workarounds

In this specific pattern of information exchange, the architectural team worked
with the MEP team on coordinating lighting fixtures in the BIM base model. Several
practitioners were involved in this procedarst, (A1) and (A3) would insert their
proposedight fixtures in the BIM base model that is updated and uploaded to the project
server once or twice a week. At the same time, (A3) would meet with the lighting sales
representatives to select suitablghti fixtures. These would be passed on to the MEP
firm in physical meetings or via email, where (M6), under (M2)'s supervision, would
become involved from the electrical engineering standpoint and start performing the
necessary photometric analysis usihg Yisual software package. Then the MEP firm
would insert their adjusted light fixtures according to their calculations into the model.
One of the main issues with coordinating elements such as lighting fixtures in Revit was

the ownership of these elemsnih the model. The fixtures that were inserted by (Al) or

162



(A3) in the model were 3D models but were just placeholders, pending the actual
specifications from the electrical engineer:

M2: They [architectural firm] put in their architectural model lightxfures with no
information—we have to take that out and we replace it with our model in the same place
but that now has information in it that we need in there for our medel it's the same
concept- they put a placeholder in and we have to replacsith an MEP mode} so

the ownership is on our model for our stuff even though they show it on-tlasirge go

back through and redo calculations we may shift a light fixture to perform bettken

(A1) would just move his over.

Two distinct fixtureentities were therefore instigated: Jgrchitectural model
light fixtures which (M2) described asplaceholdersthat had“no informatiori, and 2)
“MEP modé€l light fixtures which contained the engineeringnformatiori. The
information exchange procesgtween the architects and the MEP engineers revolved
around these similar but unigque entities. Two intertwining loops of “propesal
relocation” and “formulation— replacement” were continually carried out by the
architectural team and the MEP team resipely. As (Al) was primarily in charge of
model ownership and coordination between all participating disciplines in the project, he
planned the process of coordinating light fixtures with (M2). Knowing that there are
several approaches, and having tmeany in previous projects, he selected one for this
project that does not rely on one single team “owning” the lighting model elements, but
rather using the base model as a shared space that contains both fixture entities; the
architectural and the MEP fixres:

Al: That has always been a big issue in Revit of who owns what...for instance do we own
the lights? essentially you guys (to M2) would like to own the lights because you have so
much more information in there what I've found is...that we have olights and you

have your lights and that you turn ours off in your model and we turn yours off in our
model.

Although (Al) showed an understanding of (M2)'s preference concerning
“owning the lightswhich represent the MEP model fixtures, he based hignaegt on
previous experience with similar projects. At the same time, he did not use the direct

implication of Revit’'s functionality which allows ownership of model elements to one of
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the participating teams. Instead, he developed a workaround that nsakefthe tool as
a shared repository of information and enables both parties to view their light fixtures
either one at a time for their separate tasks or simultaneously for coordination:

Al: Now the bad thing about that is you have two lights but iedlyeeasy to coordinate
—you can go in and turn on both lights and do a quick look.

This flexibility was enabled by the ability to set apeckviews that have both
representations displayed amdinting views that have a single view of the model
elemens. This approach was satisfying for the MEP team, whose task was providing the
updated light fixtures. (Al)’s task however was more complicated. According to (Al),
(M2) and the MEP team place the fixtures based on their calculations, but there still
remairs the task of adjusting those based on how the architectural tgants“it to
work’, as there is a lot of equipment that has to be placed and managed. In addition to
relocating the updated fixtures in the model, (A1) had to coordinate all other models
including the structural model and the internal updates within the architectural team. This
coordination effort again required selecting among a group of approaches, ranging from
redlining hard copy drawings in physical meetings with the consultants to 8Bing
conflict checking software packages. This was closely coupled with the modeling
methods that (A1) used and advised the consultants to use in project meetings:

Al: We'll try to avoid a lot of modeling in thereif it's not necessarily being modeled |
don’t think it needs to be drawn in 3Busually if it's seen in two views I'll model-tif

it's only seen in one view it can be drafted.

A3: Can you give an example where you wouldn’t want...?

A2: I'll bet they (the consultants) are a lot less inclined toextensive modeling then we
are (laughs)-it's probably more directed to us.

Al: For instance you can go in there and get a projection screen that has a crank and all
the stuff on there but all you really need is a rectangular box and that’s it it'ssimaple

—you can go and create round lights and round fixtures and-sdti don’t need te-so

we’re going to avoid that just to keep the model as small as possible.

E1: But you would model like the connection box he was talking about for flat screens?
And create families for that that can be dropped everywhere?

Al: Yeah | think it will be- for instance if we do a flat screen panel | would create a
rectangular box where all the wall in elevation has got drafted rectangles so when you
are in elevation eew you will see the boxes in elevation view but you won’'t see them in
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plan view— you might see the symbols for the boxes in there but we aren’t going to model
real boxes and wires and blocking and all that stuff.
V1: That's what we found out that mostaefr stuff doesn’t end up in the Revit modél
mean there’s few elements that actually end up | rre@@ discussed that.
Al: You know a lot of it doesn’t have to be modelesb the more you model the more
memory it takes the slower your computer wdrlisst me— when you sit there and wait
for your computer to work it takes a while.
M2: | guess | see that there will be some&ve’'re just going to need to coordinate with
you— we’ll take a shot at what we think we need to model and make sure what you are
going to see.

Although the project was not exceptional in scale, (Al) preferred to reduce the

amount of modeling and keep the base model as simple as possible to avoid
computational limitations. Most of the consultants were in favor of minimum modeling,
more than the architectural team. This however presented a challenge for coordination,
where the notion of having a “complete” model that can be fully checked for
inconsistencies and clashes between different model elements became questionable. (Al)
decidedto use DWFs instead of using a conflict checking software to manage the clash
detection process. This was near the end of the construction documents phase. He would
print the entire set as a DWF file, mark it up and then import the markups back into the
sheet view of the Revit base model so that the consultants would pick up the redlines as
they move forward. Although he was willing to use a conflict checking software such as
NavisWorks, he believed that there was a lot of redundancy in the tedious pwbcess
using such a tool. A thorough clash detection would not guarantee a full resolution of
errors or issues, as contractors would perform different procedures based on their
interpretation and their own version of the base model:

Al: Still no matter how caaful you are about checking everything the contractor is not
going to build it that way- they will get it pretty close but you are still going to have to
figure out issues.

At the same time, (A1) was not comfortable with the overwhelming number of
issuesand violations that show up in a conflict checking report, making it impossible to
follow and requiring that the consultants should meet anyway to discuss the key issues.

This was contradicting to (B1)’s point of view, who thought it was a waste of om®n
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take advantage of such tools for conflict resolution. He believed that the consultants
“cannot flip back and forth and understand in their mind where everything is"guing
matter how long they have been doing that process or how experiencedethey ar

B1: It's just much clearer to yes they have the 2D drawings in front of them but they also
have the three dimensional and so they can look at it identify mark it whatever see what
needs to change about their drawings.

(B1) still believed though in thémportance of physical meetings to resolve
conflicts in the base model, but that these meetings should be very focused and efficient
in order to figure out the most salient problems with the model and suggest ways of
resolution. Unanticipated problems ofteemerge in these meetings as a result of
resolving initial ones, and that is why physical meetings with all consultants around the
table become necessary. He did not encounter however many architects and consultants
on other projects in the firm going lbaand doing other rounds of clash detection, and
that was frustrating for him because of the many unexploited potential benefits:

B1: | think that’s something that has come out of BIM that | can’t imagine not doing that
—to me that is truly the low hangg fruit—it's not hard to do-it's quick it's easy- you

build the model, they build their model you put them together, and even if it shows you
things that you knew were problems anyway | guarantee you there are a certain number
of problems that are gog to be identified that you wouldn’t have gotterand | just
couldn’t imagine not doing that part of the workflow.

5.3.5 Event 10: Conflict Resolution — The Need for Supplementary Communication

One of the features that the architectural and structeehs attempted to
implement in their coordination process was the “copy/monitor” functionality in Revit,
which allows either team to check if specific model elements have been modified or
relocated upon each instance of model exchange. (A1) and (S2jnagg involved in
this coordination process. (Al) was in charge of making the settings for the base model
and monitoring modifications in elements such as column grids, levels and slabs. The
premise was that both teams become instantaneously aware dfupddtes, especially

as the model grows in size, and carry on the design based on the latest modifications.
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This was also proposed by (Al) as an alternative approach that takes into consideration
the problems associated with model ownership, where theneoflow of the process

could be at risk. Frequent stops were anticipated as a result of having to “relinquish”
some elements for the other party to take control over and work on:

Al: It gets to be a problem when you say somebody owns this and thgotytoucall
and say can you move this duct or this register one foot or sometlsametimes it's
easier if we just all owr until Revit figures out how to get all that coordinated I think
this is the best.

(Al) therefore preferred to adopt the “copyfmior” approach to avoid these
frequent disruptions in the process and rely mostly on the notion that the model would
“tell” them what needs to be adjusted upon each model update. He still thought that the
tool did not entirely resolve this issue, but tt@s approach would be more satisfying
and quicker in terms of dealing with the regular weekly model updates. (S2) was already
new to the tool and was still struggling with its functionalities. He got help from (S3)
throughout the project but was still cid with many hurdles, including the
“copy/monitor” functionality. His first experience did not satisfy his expectations:

S2: You do a copy monitor and you get a new model from the architect and it tells you
instances of Revit changedt tells you sométing has changed it just says something is
changed- you’re monitoring let's say you’re doing grids columns edge of slab and
openings also and it just says something has changed.

At the beginning, he experienced technical difficulties, where he wowltbtr
explore what the exact change was by looking at the details related to the specific model
element ID, but the entire model would highlight and the same ID would show for all
elements. This was also the case with some of the engineers in the firmugdested
some file settings should be adjusted, either from their side or from the architect’s side.
But it was more than a technical difficulty:

S2: Philosophically it's great but it can’t pinpoint what's changedike if the edge of

slab has poppedut an inch from point A to point B it needs to highlight that area and
tell you hey the edge of slab from here to here has changed but it just doesn’t do that yet
— it just can’t do what it is intended to deit's supposed to tell you exactly what has
changed.
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The issue was more related to how the tool communicated these changes and
whether it was a sufficient medium or not. (S2) started to gradually rely less on the
“copy/monitor” functionality upon receiving a model update, as he realized he did not
“know' if a change occurred if it was not mentioned explicitly, especially with the
frequent updates that were taking place twice a week on average in the design
development and construction documents stages:

S2: We got to the point where | was like hey (K19omething changes just let me know
just tell me because I'm not going to know unless you tel thgou move an edge of
slab or if you change a grid you got to tell me because I'm not going to see.

At some point in the construction documents sté§e) preferred to stop using
“copy/monitor” and rely entirely on verbal communication, which was apparently
becoming inevitable, instead of trusting the tool to acquire the necessary feedback:

S2: We just had to pick up the phord mean we just had talk to (A1) and (A5) and

just say tell us what you want what's going on or where things are changing...especially
with the stair on the west side of the building was changing and they wanted to move
some columns...so we just needed to coordinate it thatwprefer talking to somebody
instead of relying on the software to tell me what has moved and what hasn’t moved.

(Al) shared the same point of view, as he believed that the tool, however
sophisticated it was, could nomégically’ inform the teams ofthanges to the base
model. Rather than “automating” the process, he believed email or verbal communication
through the phone, and sometimes even physical meetings, were necessary methods to
communicate those design iterations and updates to the model:

A1: Just because the tool is there it doesn't mean we use it all the-tivaestill rely on
talking to each other and emailing to make sure that everybody has got everything
covered because you can't just sit there and hope that the Revit model will nyaigitall

the engineer or tell us that something has changed.

This was an unmistakable fact for (Al). He realized that the sole dependence on
the software was never sufficient for coordination. (S2)’s expectations however were

higher, partly because he waswnto the tool and its use in practice. He thought that the
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tool would ‘flatten’” these issues and that the changes would be resolved in a semi
automated fashion:

S2: | had to call (A1) and say heywe just talk through it and decide what we want to do
—say hey can it be- can you bump the edge of slab out here because the beam flange is
wide — that kind of thing- whereas | thought Revit would kind of flatten that somehow

so there is still a lot of coordination that has to be derand | don’'t know ithe people

who created Revit the end goal is to cut down on that and just rely on the model but I'm
not going to do that.

This led (S2) to not only question the ultimate purpose and efficiency of the tool
with respect to coordination across teams andiglises, but also doubt that the tool
conveys the intended purpose of the designer at the other end:

S2: This stair starts from the third floor and goes up to the roof and they flippe@hit)

flipped it and the model shows it flip but I still callednhup...hey | just wanted to double
check did this flip...I'd like to hear it coming from hinh just don’t want to do the work

and go in and flip it and change my RAM model and go in and change the Revit model
and then (A1) would say oh | don’'t know why @ that— it shouldn’t have done thatso

| don’t care how advanced it is I'm probably going to pick up the phone if something
changes like that to double check...I'm not going to put my neck down there on the line
for Revit.

This raises again the issuernistrust, where operations and workflows have to be
“double checkédby means of supplementary communication channels, which are not
necessarily technologically advanced, to establish full confidence in the transferred
information:

S2: A couple of times Wwould call (A1) | would say hey we talked about thigutting
those in the model is it this? And he’'d say oh | don’t know why it's doing thats not
supposed te- and | would say ok I'm glad | called or he would call me and he would
say you knowhese beams are showing this elevation | don’t know what happened.

The fact that the exchanged model contains information that is never 100%
reliable sounds discouraging. Relying on other modes of communication for verification
however is not necessarilyome assuring. It raises more questions than answers: Which is
more accurate; the information read from the model or the anecdotal information that is
communicated verbally? What if either party misses a piece of information in their

conversation or forgaio point out all the changes in the model? What if there was an
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element that was wrongly modeled and the designer did not point it out? What about
misinterpreting information that is communicated on the phone or via email?

The counter argument, whi¢B1) pointed out, is that although most teams start
using the copy/monitor functionality but eventually abandon it, there is an advantage
which is allowing the teams to come together to discuss the issues and conflicts. The goal
then is not spending minirhdime performing a standard clash detection procedure,
producing a report, shipping it to other participants, and hoping that that report solves
everything. The tool here becomes more of a facilitator, where the value resides in
highlighting the issues dnenabling participants to meet and resolve the issues
collectively:

B1: Copy and monitor whether you trust it or not it’s telling him something is thareal

he calls on the phoneit forces people on the team to talk more to each cthecould

be agood thing even if it doesn’t work that wellif it just says you need to talk to
somebody- the real benefit is to get people in that room to go over those clashes and
come to a resolution on them.

5.3.6 Event 11: Analysis of Model Data — Unraveling the Black Box

This event involves how participants representing different entities produce
varying analysis results from the same building model generated by the architect and
interpret information slightly differently. In this event, (S1) and (C2) both vedetihe
base model from (Al) at the end of the design development (DD) stage. Both were asked
by (A2) to generate a cost estimate for the structural component of the project at this
stage. Some discrepancies in the cost analysis results were identified.

(C2) was an outside cost consultant that the architectural firm would often
subcontract some cost estimating work to when (C1) had too many projects going on. He
worked extensively in the construction and cost management business and established his
own reldively smaltsized firm. (C1) usually worked closely with (C2) not only through

outsourcing parts of or whole projects but also through regular consulting on estimating.
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At the same time, (A2) valued (C2)'s opinion and was comfortable with him being on
boad any of the architectural projects she was in charge of.

(C2) was an expert construction manager and estimator but not so proficient in
advanced estimating software. His team used digitizers to extract quantity take off from
hard copy drawings. He wasmvinced that this method of estimating was more accurate
than relying on take off from BIM models as he considers jiiak‘in junk out process.

As described by (B1), he was someone whas“done it some way for 30 years and he’s
not going to change

B1: What they [estimators in construction companies] do is they go out and hire
somebody that'’s right out of school that knows how to use the software but maybe doesn’t
understand the whole process...they’ll hire somebody and get him to come in and look at
this model and kind of look over their shoulder and say give me this give me this so that |
can do what | need to do...I question how much they [hired tech savvy drafters] really
know about construction.

This introduced one of the internal discrepanciehéndonstruction management
firm, where there was a dilemma between two subjects of concern: thHeatosavvy
cost estimator who knows very little about model based cost estimating software, and the
tech savvy drafter who knows very little about constoucand estimating.

On the other hand, (S1) was a structural engineer with a background in
mechanical engineering and a masters degree in structural engineering. He has been
working at the structural engineering firm for over 16 years and was experi@enoethi
concrete and structural steel projects. He was more involved in what hespaitsalty
architecturé where there is more focus orarthitectural appeadl rather than just
structurally sound buildings. (S1) used the RAM structural package for lbidaténs
and analysis. As the “most widely used for conventional steel framing”, he would use it
to analyze and track different building loads as well as develop a cost estimate based on
the quantities it calculates:

S1: RAM has an estimating componentit that | feel comfortable with and | just
haven't mined the capacities of Revit yet to make sure that | feel comfortable
understanding what it's considering so as time goes by I'll dig a little more into it
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[Revit] once | understand how | think makes its calculations | might be a little more
comfortable using that.

This blind confidence in the cost estimating capabilities of RAM was only
justified by his level of comfort with it rather than having an objective sense of control or
understanding fothe estimating process itself or of its logic. He was not sure of Revit's
estimating capabilities and showed interest in exploring it, but that did not necessarily
imply full knowledge of the underlying estimating mechanisms of RAM, but rather just a
trust and comfort level towards his domaipecific tool:

S1: I'll just go through and sum those three components from RAM and divide it over the
80000 square feetand I've got it down to about 8.5 pounds a square foot now and then

| usually throw a 10 peent factor on to it at this early stage just in case there are some
changes- so | told (A2) to allow 9.5 pounds a square foot for the structural steel in this
last release- and the estimator said he was calculating 9.5 pounds a square foot and he
was addahg 10 percent as well so there is a pound difference between us soméhow
getting 8.5 and he’s getting 9.5.

A lot of question marks start emerging when one looks at these discrepancies
between (S1) and (C2)’'s estimates for the same exact projeesgiabpwhen the
difference amounts to 1 pound per square foot. More questions are even raised when
phrases like dot it down to about 8.5 pounds a square fotasually throw a 10 percent
factor on to it and ‘there is a pound difference between us sawélcome into play.

Are both teams aware of the underlying logic of the estimates of each other? What is the
mechanism of getting the codbwnto “X” or “Y” tonnage? Whose estimate is more
accurate then? Is the lower tonnage any better osai®yto take into consideration, or

is the conservative estimate really too much and should be revised? (C2)’'s feedback
raised even more doubts:

C2: He [S1] informed (A2) that he felt like we were conservatige what we did was

we went back and analyzed all of aeel and all of our formulas and we cut our waste
from 10 percent to 5 percent because there were a lot of long columns and the longer
your columns are the less factor your base plates have te-addwe looked at it and
decided to cut the waste factor base plates and cap plates and things like that from 10
percent to 5 percentand it did not get down to his number.
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What is the basis of reconciliation between the two teams? Whguisng the
waste factor the best solution to reach common tePm#/hat is the decision making
mechanism here? Is it the only factor or is there another hidden rationale behind the
discrepancies? Obviously (C2) did nagiet down to his humbeand so there remains
more ambiguity in the whole calibration and reconciiatprocess. He realizes thais
[S1] tonnage is run off of his computer progratut he would still fove to get that
information...love to look at"ito make some informed decisions. Although he has a best
guess as to where the cause of the discrepaisci@hich is miscellaneous steel, he states
he is willing to ‘Use his [S1] numbérbut is still persistent at the same time and
confiding in his own calculations:

C2: Our number was in budget so what | told (A2) was if you don’t mind I'm staying with
my number— | will use his number if you want me to but | just don’t agree withaihd

I'll tell you where 1 think it is-it’s in miscellaneous steel that has not been defined yet on
the drawings because he still designs so he can’t pick up every lagtte pf steel until
he’s complete with the design.

Although (C2) seemed more conservative in general in his estimate, he could
explain the logic behind his decisions. For him, it was not gistnming three packagdes
out of the RAM cost analysis resultstfich you have to do manudilpas was the case
with (S1), or a three minute exercise to just go through and cut off the nuinfsera
the automated RAM estimate. (C2) explicitly drew the logic behind his estimates in every
design phase:

C2: Normally at SDwe’ll do the 8 or 9 pounds per square foot that structural engineers
like then | put in one pound of miscellaneous steel to the whole buiditihgt's
miscellaneous beams and miscellaneous stuff that is not in your structure but it's a lentil
over a widedoor — it's backup to curtain wall that is too tall and you got to put a tube
behind it...it can be elevator ladders or roof laddeiss miscellaneous.

The one pound of miscellaneous steel seems like an indefinite assumption, but is
actually informed bynformation from the architectural drawings that (C2) assumes (S1)
did not look into closely. So even at schematic design, (C2) used information from both

the structural and architectural representations to produce his estimate. (S1) however
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relied mostlyon the RAM estimate that uses the conceptual structural model as its basis
and ignores miscellaneous steel that is implicitly embedded in the architectural model at
this early stage of design:

C2: Because some of the steelit's structural steel but itactually comes off the
architectural drawings- because it’s lentils- the structural engineer just has a schedule
—an opening is 10 foot wideit doesn’'t show up on his drawingsyou got to go to the
elevations and say we've got 14 windows out here dha 20 feet long- 14 windows
with a 20 foot beam and that’'s where it comes from.

As the design gets more and more elaborate, (C2) works on reducing his
assumptions but still being informed by the quantities of steel in the latest architectural
and stuctural models:

C2: Some of that miscellaneous stuff is designed in and we actually see it so we’ll reduce
it to maybe a half a pound per square feand then at CD when we got everything on

the drawings we get all the architectural drawings and a#l #tructural drawings...|

hope at CDs he’s right but | know I'm covered either way.

There still remains a subjective component in each of the approaches; one that is
mostly influenced by expertise and tending towards a more conservative approach to
acquirea sense of beingcbvered in terms of liability as with (C2), and another that
tends to go for theéfficient desighto satisfy the client as with (S1):

C2: So many unknowns we were close enough that | didn't see there is a big
variance...l think the reson he was concerned is...most structures we can get out for like
8 pounds per square foet this one was running 8.7 or 8.8 and that probably was
because that's a factor that I'm sure that he looks at as a structural engineer because he
wants to give his @nt the most efficient design...and let's just say he thinks it's
supposed to be 9 and his design pops up 12 he’s going to be doing the same thing I'm
doing if my cost pops up 40 when | know it should be- B@'s going to be in there
looking for where didve plug something in the computer.

Another difference between (S1) and (C2)’'s approaches in general was this
dilemma between professional expertise and reliance on analysis results coming out of
domainspecific software. While (S1) was confident and mooenfortable with the tool
and consequently in its results, he had less control over the estimation process itself and

how it was generated. In addition, he was more occupied insthectural view of the

174



model imposed on him by the structural analysd, focusing on weights and loads and
ignoring some of the architectural elements and their impact on structural cost. (C2)
however followed a more holistic approach and studied models of all the consultants
carefully to formulate an estimate that tak&® consideration all factors and elements
from an early point in the design process, and make his assumptions that are embedded in
the estimate based on informed decisions. His confidence in his professional experience
and background in estimating was naa@ominant than his confidence in cost estimating
software packages. He refused to rely mostly on the tool to inform his decisions, as he
would have then no method to track the logic of his procedures. (C1) introduces another
factor to the scene, where helates the conservative approach of (C2) to the general
attitude of outside consultants, where the process is $&ssrilessand they are more
“nervous and “uncomfortablé about ‘filling in the gaps than in house consultants:

C1: They [outside constdnts] are just a little bit more nervous when they don’t see
certain things or see things in a certain way whereas | guess in house we’re just sort of
used to...the further away you get from doing it in house the more questions because
people are more nerus or more uncomfortable with the information they’'ve got and
filling in gaps and all that- and obviously contractors are too because they've got more

at risk than the rest of us do.

The fact that the process is mofertnal’ and that the consultants ateore at
risk” the further away it is physically from the architectural firm introduces in (C1)’'s
point of view more tendency to be more cautious, conservativeasidriore questiofis

C1: And these guys (C2) and them they ask a fair amount of queatidn®aybe | ask

that many too | just don't realize it because it's something as easy as walking past there
and saying hey what about this so it's not very formalized when it's irsiden you go

out of house then it gets more formal.

If it was up to himto conduct the estimate at this stage instead of (C2), (C1)
suggests he would have been more “aggressive” in terms of pricing and more free to
specify the cost figures explicitly with no fear of beidgw on the numbetsas most
outside consultants terid worry about. Being too conservative may make the numbers

in the estimatedet out of handif not calibrated properly:
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C1: I'm not a firm that has a reputation to worry abeuhere | can kind of go straight at

the number with a certain amount of cogegmcy and just let the number be what iis
whereas | sense or | have always felt like the minute we go out of house some of those
cost consultants are trying to protect their reputatioand what they don’t want to be is

low — especially back in the ga when we used to bidthey don’t want to be the low
bidders so they tend to sort of build contingency in and you just got to be careful in doing
that because it can get out of hand.

Figure 5.9 shows how (S1), (C1) and (C2) approached the cost estimatio
process, all starting from the BIM base model. As shown in the figure, although the
starting point is identical, the estimates resulting from each approach can never be the

same and have to be reconciled among the estimators.

BIM base model
, ! :
cosT STRUCTURAL cosT
ESTIMATOR ENGINEER ESTIMATOR
(c1) (s1) (c2)
‘ |
OnScreen/ RAM Digitizer/
Excel structural Excel
¥
‘ COSTESTIMATE 1 ‘ | COSTESTIMATE 2 | | COSTESTIMATE 3 |
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Figure 5.9. The cost estation approach by (C1), (S1) and (C2) starting with the same
BIM base model

Another concern that both (C1) and (B1) shared was that less reliance on the
software to produce agbod take offcould result in inaccurate estimates due sodpe
difference’ rather than unit cost differences. Many factors come into play in events of

this sort. The deviation in workflow, tool and process was significant, where estimation
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was performed by (C1) then (C2), with different approaches and tools. The discrepancies
tha took place between the results of the estimator and the structural consultant showed
the emergence of some factors including the difference in approach, expertise, tool

proficiency, and the subjective component in both mechanism and reconciliatiorsproces

5.4 Discussion

Chapter 4 introduced personas as the basic theoretical unit of inquiry and analysis
in the dissertation study and demonstrated how smdinbership of different
communities of practice for individual participants shapes their approazhds
understanding of BIM. Chapter 5 presented some of the most prominent types of
interaction among disciplinary participants that were identified in the study and are
highly relevant to the basic inquiry of the research. Specific events were discugsed tha
focus on salient issues in each type of interaction. The question remains: what does all
this mean for communication of design intent among disciplinary teams and participants
in BIM-enabled practice, as per the research questions and goals? Fromvitwespre
description, it was shown that the secmgnitive component of this communication,
comprising affordances and limitations with respect to both tool and social interaction,
takes place at multiple levels: (1) ndisciplinary communication, as withrchitect
client interaction; (2) intradisciplinary communication, as with the interaction within
teams; and (3) interdisciplinary communication, as with the interaction wibouse
consultants and with other AEC teams. According to the conceptual datemgi@ntified
in the coding and analysis process, different components come into play in each level of
communication with varying relative weights. The role of BIM representations as well as
other forms of representation and communication is by and dasgact in each case, or
more precisely at thariterface between different participants and teams.

In nondisciplinary interaction, issues related to interpretation emerged as salient

to architeciclient interaction, which was characterized by ambigaftthe client’s needs
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and the continuous process of interpretation of requirements by different team members.
Status and system of authority, in addition to the ambiguity of client requirements and the
need for multiple and alternative interpretations evelominant components of the
interaction. At thanterfacebetween the architectural team and the client, interpretation
of requirements through verbal communication and imagery was predominant. As was
shown in event 1, there was a lot of effort done lgydlchitectural team just trying to
read through what the client meant. The images he presented to the team were primarily
the means of conveying the desired massing and look of the building. The team had to go
through a process of careful reading intosdnimages and extract exactly what elements
he wanted to emphasize. Not only were multiple participants being involved in this
reading process, but also they were members of different communities, and so their
interpretations were shaped by their muaignberships. (Al) was more focused on
reading through the desired percentages of materials and glass in order to apply that in his
parametric design of the external fagcade. This was more or less a translation of material
percentages captured from the imagesput parameters for areas of different materials
in the BIM model. (A4) was more interested in her reading of the images in the
conceptual and philosophical approach to the design of the building and exploring what
different alternatives of facade congitton meant for the building character and for the
functions inside the building. This allowed her to make more exploratory sketches than
making clear cut decisions of how the buildsigpuldlook like. (P1) was more interested
in the holistic approach afesigning the building in terms of its significance as an icon
that represents the image of a technical college and reflects the specialties of the firm and
its approach to treating this prototype of buildings in future projects.

At the same time, the dntectural team did not have to submit BIM models to the
client in any of the design phases. Following the reading and interpretation of the client’s
requirements in early schematic design, the team had to translate their understanding and

their approachnto a language the client could easily comprehend. They presented 3D
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renderings of their early concepts in addition to images of precedent projects done in the
firm or elsewhere in attempt to capture the client's needs and narrow down alternatives
for further development. In later phases of the design, deliverables were always in the
form of print outs of 2D drawings and not the BIM model. The approaches taken by both

the client and the team were effective to some extent in acquiring the client’s taste and
conversely in getting feedback about progress in the project. The fact however that the
BIM base model was not an essential component at this interface played a role in the
missed opportunities that could have allowed for a better understanding.

In intradsciplinary interaction, issues related to conceptualization and reflection
emerged as salient to the interaction among members of the architectural team. As the
discussions with the client were propagated through the architectural team, cognitive
overloadand conceptualization constraints began to emerge attdréacebetween the
team members while attempting to use the BIM base model as a shared thinking space.
More representations and methods of communication came into play, including verbal
communicéion, sketches, physical models, rendered images, and digital models.
Although the collective expertise of team members, coming from different backgrounds
and having different skill sets, was helpful in getting the job done, conflicting positions
within the team regarding personal preferences of tools and workflows, added to peer
pressure and status, contributed to a state of disconnect among the team members. As
shown in events 2 and 3, the medium of representation among the architectural team
members wagmostly either sketches or print outs of the BIM model, and so the
communication was less open to interpretation than with the client. There was still some
miscommunication however and issues with conceptualization owing to the- multi
membership of the teammembers. Although sketches were more ambiguous than the
model representations, they allowed for more collective reflection and thinking. Model
representations were constraining for (A4) and (P1), as they did not allow them to

experience the tedown approeh or normative approach they were used to during a
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schematic design phase. (A1) however used them strategically for design thinking. He
was able to employ the parametric relations, massing operations and the “design options”
functionality in the BIM toolfrom day 1 to develop the design and respond quickly and
efficiently to any changes from the client or any emerging requirements. These
functionalities were more suitable for his bottomm approach which involved stacking
spaces and establishing parameteilations to extract and track information seamlessly
and to perform the necessary design modifications.

The fact that there were still multiple readings of the model in this type of
interaction affected the nature of communication of design intent. dfiedl, the model
was not the sole artifact or shared representation that the architectural team used
throughout their thinking and design development process. Their thinking process was
distributed across a number of representations. According to tf#g)was how it should
be, and designers should not be constrained and forced to use the one and only tool.
However, with discrepancies in theembershipf each of the team members, each used
his or her preferred method and means of representation tesexireir design ideas.
This led to a complex web of multipfeadingand multiplewriting activities. Each team
member acquired not only a different reading of the design than the other member, but
also a number of readings from different sources aneseptations. On the other hand,
each team membaerote tq or contributed to, the model directly or indirectly in different
ways. (A4) used sketching most of the time but attempted to model in Revit during
design development. (Al) often used a combinatiomodeling and sketching to express
his ideas. (P1) only sketched to the rest of the team and relied on their ability to translate
his drawings and diagrams into the model. With this continuous process of varying
reading and writing approaches, there wash potential for misinterpreted information,
or miscommunication of ideas among the team members. The fact that the reading and
writing activities were distributed widely among different representations and not just the

BIM model not only demoted its sificance as a shared thinking space, but also implied
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that the model as an artifact represented only partially the activities and ideas expressed
in design meetings and brainstorming sessions.

Events 4 and 5 present two other examples of writing andingaf the BIM
base model in intradisciplinary interaction. Event 4 shows another aspeatirng to the
model and the partial representation of information, which is the level of detail of
modelng. As the team members indicated, the scope or levéttail of modeling relies
primarily on the method of delivery of the model, where a 3D model deliverable implies
afull representation of model elements, while any other form of representation implies a
model that justiooks goodand does not necessarily communicate afletiged 3D
model. Although a full representation of each and every single model elements was not
originally a goal, (Al) saw opportunities in representing and overlaying some elements
such as equipment and fuwme for the internal purpose within the team of coordinating
elements spatially. This was seen by (A3) as an unnecessary process. She highlighted the
importance of defining beforehand the purpose of the model; if it was to be used for the
accurate extramtn of information or if it was just a model for internal studying and
coordination purposes. As this process of writing to the modentiadisciplinary
interaction represents a kernel of the information exchange process with other AEC
consultants, anyagrtial representation of information would definitely have an impact on
interdisciplinary interaction and lead to more interpretation setbacks.

Event 5 introduces an example of an affordance of BIM related to collaboration
within the architectural team.yBnavigating through the BIM model collectively, each
team member was able to read through the model and subsequently many of the design
aspects at a high level of detail. Again, as the team members came from different
communities of practice and engageadlectively in another, their process of reflection
and conceptualization was augmented through the sense of immersion in the virtual
model. With 3D navigation, there was less ambiguity, and more opportunities for

reflection and thinking about details dfiet design. In other words, there was more
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potential for a closereading ofthe design aspects and lesading intothem. Is it right

to assume then along the spectrum of means of communication (which comprised verbal
communication, imagery, sketches, BlNhodel representations, and BIM model
navigation), that there was definitely moeading ofand lesgeading intothe design for

all team members at the BIM model neighborhood of the spectrum and vice versa? That
was not necessarily the case. (A4) hadetie reading of the design with sketches and
with 3D navigation, but not with the model representations. They introduced a constraint
and required a level of interpretation and reading into the dull lines of the model to
understand what they could meam the design. Images were also constraining as they
forced the team to use specific motifs in early exploratory design phases. (Al) had a
better reading of the design with BIM model representations and navigation, as well as
imagery. These all representizohgible references that he could use to map to his design
approach, rather than having to read into sketches and verbal instructions.

In interdisciplinary interaction, which involved interaction with botthouse and
external consultants, issuesateld to recognition of the needs of other disciplinary
participants and managing the shared space of communication enabled by the BIM base
model emerged as salient. In this type of interaction, the BIM model was at the core of
the interfacebetween the afstectural team and consultants, and it was beneficial as a
shared repository in terms of coordination of information. Heated arguments across teams
in several cases and events pointed out the need to supplement model exchange with
other forms of represeation and communication, as merely updating the base model was
not sufficient in carrying the necessary data or conveying the intent of the designer to
other disciplinary participants and vice versa. Technical issues related to incompatibility
among toolslso contributed tonissingor lostdata during the exchange of models.

Events 6 and 7 introduce interesting examples of reading and writing to the
model. In the architectural team’s interaction with (C1), there were missed opportunities

in extracting ustll information from the model. There was a big difference between how
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(A4) and (A1) communicated the design information to (C1), which wasvenitiyng to
the model, and how he expected it to be communicated, which wastéofor him.
Writing to the moel did not necessarily guarantee an understanding of the needs of (C1)
and what kind of information must be included in the model. As both (Al) and (A4) did
not belong to the estimatimmmunity cost for them was only an afterthought. They did
not embedall the necessary information in the model for the purpose of estimating, and
expected (C1l) to use the available information accordingly. In (A4)’'s case, her
inexperience with modeling was another factor, as she worked most of the time with
sketching to deelop the design idea for the outdoor bench and represented it in the
model only as a rectangle without considering the ramifications concerning cost and other
issues. (C1) had to not only read into the model information to understand its relevance to
his analysis process but also write to that information by making assumptions about
building model elements and input parameters. This however was mostly done as a
discrete approach without engaging the team and therefore led to more ambiguity. (C1)
did not alvays get the appropriate level of detail required for his analysis, while (A1) and
(A4) continued to exchange models without the necessary information, and at the same
time did not get feedback from (C1) except at distinct project phases.

As this endlestoop of misreading and partial writing continued, (B1) intervened
to reconcile the tensions between the two parties. As shown in event 8, the primary role
of (B1) was to enable the architectural teamwtde for the estimator rather than just
write some irelevant datdo the model, and therefore reduce the burden on (Ciaid
into the model information and on (A4) and (Al)read into(C1)’s requirements, and
enable both parties to acquire a betgading ofthe design and cost analysis feedback
loop efficiently. Being a member of neither community but aware of the needs and
responsibilities of both, and as a BIM manager who was aware of the technical approach
required, (B1) was able to understand the requirements and concerns of both parties and

bridge the gap between their perspectives. He realized that in ordatedor (C1) and
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reduce the amount akading intothe model information, (Al) and (A4) had to be
informed explicitly of the input parameters that they had to provide for the estimation
process, and so worked with (C1) to identify the requirements in detail. At the same time,
to enable a betteeading ofboth the design and cost analysis, (B1) introduced Innovaya
Visual Estimating and Timberline to achieve a more accurate interpretdtibe BIM

model data and generate results that would be easpddy the architectural team.

Event 9 introduces an example of interdisciplinary interaction with AEC
consultants that involves pragmatic workarounds developed by (Al) to facilitate t
model coordination process. Instead of extensiweiiing to the BIM shared model, both
(A1) and (M2) decided to develop a workaround that allows themwriie for each
other’s needs regarding lighting fixtures. (A1) was not ontyeanberof the experBIM
user community, but also his previous experience in collaborating with AEC consultants
and experimenting with different coordination methods allowed him to develop an
efficient strategy from his viewpoint. Rather than using the model ownership
functionality as is, where each party hadréad intothe ownership of model elements,
(Al) suggested that the architectural and MEP teams each input their corresponding light
fixtures in the shared model space and track their location and adaptability sgparatel
allowing for a bettereading ofthose fixtures for coordination purposes. Again, the issue
of level of detail of modeling appears as salient in this event. As the participants
exchanged models, they tried to take into account the sufficient levelddlimyp detail
for other disciplinary participants. This presented another lewstiohg for participants
and teams rather than justiting to the model without considering their needs.

Event 10 presents another example of interdisciplinary interaetidn AEC
consultants that addresses the potential misinterpretation of information among
participants during coordination and conflict resolution phases. Both (Al) and&2)
to the model but required additional channels of communication to enswalidhgy of

the exchanged information. (Al)'s previous experience in collaborating with other
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consultants and his expertise with modeling tools and clash detection tools allowed him
to compare and use the most efficient method of coordination and coefmiution
from his perspective. However, the methods used were not sufficient foreafdithg of
the communicated design information. (S2) for instance had to read into the updated
models and figure out whether the model elements were intentionallyfiedodr
relocated by (Al), or if that was just a modeling error. Event 11 showed how the same
building model can induce differeméadingsby different participants. Not only were
there discrepancies in the cost analysis results between (C2), (S1) amuéCtb the
diversity in methods they used to extract cost related information (digitized drawings,
structural analysis estimates using Revit and RAM, and OnScreen take off using PDFs),
but also each had their own perspectives about the essential cotspioniea integrated
in the estimate. In other words, the discrepancies in estimates resulted from both the
conceptual structure of the tool used by each and theirreadling intothe provided
model information. They had different assumptions and inpw@npetiers based on their
individual backgrounds and their viewpoints about what needs to be incorporated in an
estimate at each stage of the design for accurate results.

To better understand the nature of communication of design intent as seen in the
study observations, it is necessary to identify in depth what takes place iatetiaces
of information exchange in the different types of interaction in terms of process, phase,
workflow, affordances and limitations. These are discussed in Chapter Gjgatiag
into thegap between data exchange mechanisms in BIM as seen in hypothetical models
of collaboration and shared project information, and the argumentative process between

different participants in practice as per the research inquiry and the/atiiseresults.
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CHAPTER 6

REEXAMINING THE SHARED BUILDING MODEL

This chapter introduces a rereading of the BIM model as a shared space of
interaction as per the dissertation study. By dissecting hypothetical models of shared
project information, instaaheous workflow and synchronous collaboration offered by
BIM, communication patterns are introduced based on a pragmatic reading of
interdisciplinary, intradisciplinary and natsciplinary interactions enacted in practice.
According to this reexaminatiora description is provided for different states of the
shared model, discussing the conditions representing the nature of situated interactions of
participants with tools and with each other. This is followed by a discussion of the
characteristics of thehared model as a boundary object that is interpreted differently
across multiple communities of practice but carries content that is recognizable to all
those communities, where the activities of participants and the nature of the boundary

object both affet the communication of design intent among participants.

6.1 Introduction

From the analysis and codinig, Principle versus In Practicappeared to be the
most salient in terms of emergent coding categories. At large, it includes subcategories
related tathe expectations of BIM with respect to workflow efficiency, coordination and
phase of engagement in the process. It also goes beyond those identified subcategories to
encompass and describe components in many other categories. Categories that highlight
problems associated with BIM tools such@gst of Tool for Team#lustrate the high
expectations of disciplinary teams regarding for example coordination versus issues that
those teams encountered throughout the process including coordination and mahagemen

overload. Even the categor&ffordances with Respect to Collaborati@annot be
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described solely in terms of gains, but has to be seen through the lens of both a
hypothetical view and a pragmatic view. Conflict detection and resolution for example
has to be seen both in terms of what the tool capability offers versus amployed

in practice and enacted by participants and teams in their interaction.

The study described in the dissertation research highlights one context of
interaction in BIMenabled practice, which may have portrayed in detail some aspects of
design ntent communication but does not necessarily claim to have covered all aspects
for all contexts. In order to understand these contexts, it is necessary to address the
relationship between the results and findings of the context of study in this reseérch an
how applicable they are to the larger pool of cases of AEC disciplinary teams, in a
process known as transferability (Lincoln and Guba, 1995), as described earlier in
Chapter 3. In fact, the dimensions of this pool of cases are believed to lie along a
spectrum that ranges, as mentioned above, from the hypothetical (as described by
software vendors or in idealized business models) to the pragmatic (enacted in practice).
By laying out the assumptions that were central to the identified categories in the
dissertation research study, a basis for comparison can be established along this spectrum
for the characteristics of the study and other related contexts.

Section 6.2 of this chapter explores the hypothetical view of what BIM offers in
the AEC industryas portrayed by existing business models proposed by AEC software
developers and other sources in the literature. Points of interest include workflow and
communication efficiency, accuracy of exchanged data, shared repository of information,
the impact orthe profession and on changing roles of participants, as per their relation to
the main research inquiry in the dissertation. Section 6.3 then examines these topics in
light of the dissertation study and the key findings of the observation. This is done by
looking closely at theinterfaces between teams and participants in the study and
unpacking them in terms of their actors, representations, and patterns of interaction and

information exchange.
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By observing whatactually took place at those interfaces in practice and over
time, patterns of interaction towards the pragmatic end of the spectrum can be described.
These patterns, being within a larger context of disciplinary interaction, do not represent
just detached inter€es of data exchange, but are shown to represent different states of

the BIM base model. These will be discussed in section 6.4.

6.2 The Shared Project Model

The transition to BIM in the AEC industry is inevitable. According to McGraw
Hill (2009) market eport surveys, about 50% of the industry, including contractors, is
using BIM or BlMrelated tools, with a 75% increase in usage over two years. Recording
about triple the percentage in 2007, the number of expert users has increased to 42% of
BIM users, 6% of which use BIM on more than 60% of their projects. Evenusans of
BIM were reported to being open to exploring the potential value of BIM, 42% of whom
believed that BIM will be highly important to the industry in the following five years.
Most BIM users see positive Return on Investment (ROI) for BIM in AEC projects,
including 63% of users and 70% of owners. 93% of BIM users believe that there will be
more potential to gain more value from BIM in the future.

According to Gonchar (2007), productivigains in documentation preparation
and client demands for enhanced quality services are the two basic drivers for BIM
growth, wide adoption and gaining competitive advantage in the marketplace. More
advantage is gained in essence if the time, effort andeyn@pent to meet owner
requirements and generate reliable and correct documentation are reduced. With more
and more pressure from clients, AEC designers and engineers are widening their services
to include BIMbased performance analysis, cost estimate$ soheduling, value
engineering, and facility management and operations analysis, rather than rule of thumb

judgments and experient@ased heuristics (Eastman et al., 2008).

188



The premise in the dissertation research is that the gains associated witlvthese
basic drivers are directly related to effective communication of design intent among all
AEC participants. Meeting the owner requirements through enhanced quality services
entails that design information is communicated and coordinated correctlysteatigj
completely and smoothly to and from the owner, and consequently among architects,
engineers, consultants and contractors working on the project. Preparing reliable and
correct documentation requires efficiency in the automatic extraction andngecbé
data among software applications and participants and reducing errors, omissions, and
requests for information (RFIs).

Many BIM software vendors have approached these two drivers in their solutions
by promoting the notion of the shared project maethared building model repository.

By working on a single shared model, architects, designers, engineers, contractors and
other AEC participants are believed to coordinate and work on various design issues in a
much more efficient way than traditionaiteérdisciplinary channels of communication.

As shown in figure 6.1 and according to buildingSMART (2011), traditional
communication channels imply information chaos, while the shared project model
enabled by BIM implies smooth flow of information acrodspalrticipants, where the
shared repository of information enables instantaneous and synchronous workflows in the
collaboration process and a more efficient coordination of design information.

However, as the dissertation study indicates, this sharedcprojdel cannot
comprise all the interdisciplinary, intradisciplinary and thsciplinary interactions that
take place in a given project, and therefore cannot possibly provide a fully efficient
communication and coordination process. By dissecting theedhproject model and
looking closely at the types of interaction taking place at the mutual interfaces between
all participants throughout the progress of the project, the model can be reexamined and
revisited as a shared space of communication that spasific affordances and

limitations; the ultimate goal being laying the ground work for higher rates of adopting
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BIM based on projected smooth workflows, enhanced productivity, and reliable and

credible exchange of information among participants.

" Architecture ~ - " Architecture

Civil " ol * ! Structural Civil Structural
Engineering i L Engineer Engineering + Engineer
B

e o )
Buliding. "1, . + HVACOwner Buidiag: |, » SHARED PROJECT , » HVAC Owner
Owner Owner

B v MODEL

"
Facilities » Y ¥ N Lighting Facilities e Lighting
Manager " » Designer Manager Designer

Construction Construction
Manager Manager

Figure6.1. Effect of BIM on communication among AEC patrticipants, Left: Information
chaos, Right: Shared project model (after buildingSMART, 2011)

Section 6.3 examines the shared project model based on the personas and
observed interactions in the dissertat&inody, where segments of interaction between
specific participants using the shared building model repository in the SG project are

extracted and explored across the different design phases.

6.3 Interfaces of Information Exchange

Based on the personas awyges of interaction discussed in chapters 4 and 5 for
the SG project, this section presents a detailed description of the interfaces in each type of
interaction; interdisciplinary, intradisciplinary and rdisciplinary interaction. Each
interface showshe main participants involved, the communication channels and patterns
employed in the project, in addition to the digital and -daial tools and
representations used in the interaction process. These are described for each of the three

phases observei the project; schematic design (SD), design development (DD), and
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construction documents (CD). The goal in introducing these interfaces is not necessarily
exhausting all the personas and possible types of interaction, but providing representative
exampeés that encompass the most salient communication patterns. Figure 6.2 shows the
main interfaces examined in the SG project. Interfaces (1 to 4) describe patterns of
communication observed in interdisciplinary interaction. Interfaces (5 to 8) describe
pattens of communication observed in intradisciplinary interaction. Interface (9)
describes patterns of communication observed indiseiplinary interaction. These are
illustrated in the next subsections. Interfaces are labeled by the dominant tools and
representations used in the specific type of interaction. For example, interface (3)
describes a pattern of communication where the main tools involved ar@ughdring

tools and CAD modeling tools.
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6.3.1 Interfaces in Interdisciplinary Interaction

6.3.1.1 Two BIMauthoring Tools

As an example of this pattern of interdisciplinary interaction, the interface
between key participants in the architectural team thadstructural team is examined
(interface 1). The main tools used at this interface were-&ihhoring tools (in this case
Autodesk Revit Architecture for the architectural team and Autodesk Revit Structure for
the structural team). The tools and key pgants at this interface however were not
consistent throughout the phases of the SG project. In the schematic phase of the project,
as shown in figure 6.3, (Al) was continuously updating the BIM base model using Reuvit
Architecture but preferred not txe&hange the model with all the consultants, including
structural, until it was mature enough. He believed that it was too early to exchange the
model at this stage, and that it was mostly needed for coordination purposes, which

would make more sense in Sglguent phases.
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Figure 6.3. Interfacel (ARGISTR) in the SD phase of the SG project

(Al) extracted DWG files out of the BIM base model and shared those files and
other drawings in the form of PDF files via the project online server. In project meetings,
(Al) shared PPT and PDF presentations, and often opened the BIM base model to
prepare the different teams for the next phases in terms of coordination and conflict

resolution. (S1) was the primary contact and participant at this stage for the structural
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team. Although working in RAM Structural Systems to perform the necessary structural
analysis, the output from (S1) was basic 2D drawings in DWG and a narrative for the
preliminary structural systems for the project in PDF form.

In the design developmenthgse, as shown in figure 6.4, the structural team
started to use Revit Structure for modeling based on (Al)’'s updates via the project server.
As (S2) was more knowledgeable in using the tool, he became the primary contact for
(A1) in this phase in terms ohodeling and detailing, while (S1) communicated more
with (A2) regarding higher level decision making in the project. In project meetings,
which mainly involved the participation of (Al), (A2), (S1) and (S2), the discussion was
usually over hard copy dramgs and not directly over the BIM base model. There was an
agreement among both teams that the process of redlining and taking notes over hard
copy drawings was more practical and sufficient for this phase. More verbal
communication and physical meetingsre necessary at this phase to ensure both teams
were on track and understood each other’s needs.

At the end of DD, (Al) occasionally used PDFs for online communication with
(S2). He extracted building sections from the BIM base model, marked them tabydigi
on the PDF file, and then sent them to (S2) in order to have a digital copy and a visual
sense of the updates. He also kept one master printed out copy for himself to make
personal notes. At the end of the week and sometimes through the weekerayjldhe w
spend a couple of days reviewing all the updated structural engineering drawings
received via the project server. After that, in addition to his personal notes on the
printouts, he would create a PDF file with all his comments so that he couldulestrib

them to the structural team and other consultants.
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Figure 6.4. Interfacel (ARCGISTR) in the DD phase of the SG project

In the construction documents phase, as shown in figure 6.5, (Al) and (S2) still
continued to use the Autodesk Revit platform, ndre for coordination and conflict
resolution. (A1) preferred not to use any conflict checking software like NavisWorks. He
believed the BIMauthoring platform was sufficient for coordination purposes, and that
conflict checking software would result iuntless instances of errors and violations
that would make it less practical time wise. (Al) used two main methods within Revit for
coordination; the copy monitor functionality, and DWFs. (Al) and (S2) used the copy
monitor functionality first to track @nges and updates to the BIM base model. With the
continuous updates and frequent adjustments, it became harder and less practical to
continue using it, especially since it involved coordinating reflected ceiling plans with the
structural system and MEP mponents such as ductwork and other equipment.

Communication through email and on the phone was central to this phase to
verify any model updates by either team. In several cases, there were unintended
modeling errors from (Al) in the server updates duéhe highly frequent exchanges,
especially close to submission deadlines. This forced (S2) to call or email (Al) to check
whether the updates were carried out on purpose, and sometimes would even ask him for
a separate update stating what exactly had bgelated in the model to avoid any
misunderstanding. After this communication took place, (Al) would still usually take a

look at the printed out drawings to coordinate updates from all disciplines.
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Figure 6.5. Interfacel (ARGISTR) in the CD phase dfi¢ SG project

After having relatively little success with the copy monitor functionality, (Al)
started using DWFs with the consultants near the end of the construction documents
phase. He printed the whole set of drawings from Revit Architecture as a maviked it
up and sent it to all the consultants using the project server. (S2), for example, would
import that set into the ‘sheet view’ in Revit Structure and pick up the redlining and
markups. This method turned out to be more effective, as (Al)’'s reeodations were
explicitly embedded in the DWFs rather than (S2) having to go through the entire Revit
file looking for updates and then having to check whether those reflected the full scope of
what (Al) originally proposed. It also combined between kalfility of redlining, as
one would do on printed out drawings, and digital representation and updating in the BIM
base model, where saving the model in Revit would automatically reflect any tasks that

(S2) completed and updated in the DWF file.

6.3.1.2BIM-authoring Tool and Cost Estimating Tool

As an example of this pattern of interdisciplinary interaction, the interface
between the cost estimators and key participants in the architectural team is examined
(interface 2). The use of Revit Architecture th® primary communication tool was
consistent from the architectural team’s side. Both the tools and participants at this
interface were not consistent however throughout the phases of the project from the

estimator’s side. In the schematic phase of ttgept, as shown in figure 6.6, project
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architect (Al) continuously updated the BIM base model using Revit Architecture and
generated PDFs for the in house cost estimator (C1), who was not a Revit user. (C1) used
those PDF files to generate estimates usiegyOnScreen cost estimating software, in
addition to MS Excel, where he had his own custom built spreadsheets based on
precedent examples.

The estimate was done only near the end of the schematic phase, with very little
communication, if any, between (Alnd (C1) in this phase. There were only a few
discussions with (A2) about general goals and broad headlines, but there was no back and
forth discussion about specifics in terms of affordability of certain materials based on the
available and already tighoudget. One of the consequences of this disconnect was an
estimate that was 60% over the allotted budget. At the same time, (C1) had to make many
assumptions about the building model elements, as there was very little information
available to him from th architectural team who did not consider cost as an essential
component in this phase.

This was a major issue at this stage, where the discrete paths followed in design
and cost analysis feedback led to problems for both the estimator and the arehitectur
team. Most of the architects in the team did not account for cost or did not know what
(C1) needed exactly as information, and so he had to often revise all the model input
parameters as some were missing, or not accurately modeled or communicatgh throu
the BIM base model. Sometimes he would even start over the process from scratch to
obtain a reliable estimate. At the same time and as a consequence of being extremely over
budget, a lot of rethinking of exterior facade materials and major redesigto hake

place from the architectural team’s side.
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Figure 6.6. Interface2 (ARGIEOST) in the SD phase of the SG project

In the design development phase, as shown in figure 6.7, there was a key change
in participants from the cost estimating side. (@&} pulled off the project to assist with
other tasks more important to the firm, and (C2) was hired as an external cost consultant
and the primary contact to continue with the SG project. (C1) was occasionally involved
as far as secondary assistance,eabdd used (C2)’s team several times on other projects
earlier. (C2) was even less tech savvy than (C1), and relied more on individual skill and
domain expertise than on technology in generating estimates. His method of work
involved mainly digitizing prited out drawings coming from the architect’s BIM base
model, working with the digitized drawings to extract quantities, and providing estimates
using custom made MS Excel spreadsheets. As (C2) was an external consultant, there
was more communication, onetlphone, with both (A1) and (A2) for detailed inquiries
about project specifics and the accuracy of his extraction method.

In addition to the architectural team, (C2) provided estimates for the structural
and MEP teams. Except for structural, none of gems double checked the results or
had any other method of calibration. Two issues here come into play. First, there was
built up confidence in (C2)’s results from both the architectural team and the MEP team,
in addition to (C1), due to past experience.spite of the very frequent BIM model
updates that were different in pace compared to (C2)’'s 2D method of extraction, both

teams depended totally on (C2)’s expertise and his ability to generate reliable estimates.
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Second, the structural team generatstnates for the same version of the building
model at the same phase, but according to the calculations of the structural analysis tool.
There were wide discrepancies in the results of both teams. Both (S1) and (C2) had their
different perspectives andffdirent reasoning behind their results, but (C2) was able to
track his estimate and show how accounting for some items (in this case miscellaneous
steel) was behind these discrepancies. There was no consensus however achieved

between both teams to resothgs issue at this stage.
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Figure 6.7. Interface2 (ARCGIEOST) in the DD phase of the SG project

In the construction documents phase, as shown in figure 6.8, there was a desire
within the architectural firm, led by the BIM manager (B1), to introduce estéihating
software that interface directly with Autodesk Revit and extract quantities more
accurately. For (C1), this was a big step with a steep learning curve, but also a process

that did not differ much in essence in terms of his task.
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Although the process involved extraction of Revit schedules, and theoretically a
seamless one, into Innovaya Visual Estimating software using INV format and then into
Timberline using IFC format forstimating, those tools were no different than MS Excel
in his mind. He would still have to go and check what the architects’ input parameters
were and make sure they conformed to the requirements for the line items in his estimate,
regardless of the toorhis transition “to BIM” was work in progress at this stage, and the

main estimating work was mostly carried out by (C2), with some input from (C1).

6.3.1.3 BIMauthoring Tool and CAD Modeling Tool

As an example of this pattern of interdisciplinary inteoag the interface
between key participants in the architectural team and the civil and landscape team is
examined (interface 3). The main tools used at this interface wereaBtivbring tools
(Revit Architecture) for the architectural team and modelmgjst (AutoCAD) for the
civil team. The tools and key participants at this interface were not consistent throughout
the project phases. In schematic design, as shown in figure 6.9, the senior engineer (L1)
sent out site drawings in DWG format, and a nareaind other site utilities documents
in PDF format to (Al) based on updates of the project site surveys and geotechnical
reports. (Al) integrated the 2D site drawings into the base model and shared it with
consultants. (L1) was the primary contact in giege, as most of the tasks involved civil
and utilities work on site. According to the contractual agreement at the beginning of the

project, the civil and landscape team were to submit only 2D drawings in AutoCAD.

VERBAL COMM. JEMAIL VERBAL CONMM. JEMAIL _'

> -
SENIOR - - - / PROJECT . | RevitArch.
autocAD | encineer T e ) ARCHITECT
[L1} : PDF POF ] [A1) AutoCAD
-

NARRATIVE DRAWINGS

Figure 6.9. Interface3 (ARCGIEIVIL) in the SD phase of the SG project
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In the design development phase, as shown in figure 6.10, more discussions about
landscaping came into play especially half way through DD. (Al), (A4) and later (A5)
were involved in these discussions with (L2). The groagh $everal meetings to discuss
planting, hardscape, and exterior features over freehand sketches, CAD drawings or PDF
scans of sketches. Although (L2) worked primarily in Civil 3D and HydraFlow software
packages, which contained 3D components relatedrtairtemodeling and piping, the

output was 2D AutoCAD drawings which ruled out any 3D aspects of the building site.
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Figure 6.10. Interface3 (ARGRIVIL) in the DD phase of the SG project

In the construction documents phase, as shown in figure 6.1%, wae little
communication between the civil and architectural teams. Communication was limited to
occasional emails between (L2) and (Al) and updates over the server of the latest site
plan with utilities and landscaping elements. (L2) had access t@askentodel, but it was
not of much interest to him unless there was a relevalifitation such as in entrance

locations, where (A1) would point that out in an email or quick phone conversation
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Figure 6.11. Interface3 (ARGRIVIL) in the CD phase of th8G project
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6.3.1.4 Two Domaispecific Analysis Tools

As an example of this pattern of interdisciplinary interaction, the interface
between key participants in the sustainability analysis team and the HVAC department in
the MEP team is examined (interfad® The main tools used at this interface were
domainspecific analysis tools (such as Ecotect and EQuest for the sustainability analysis
team, and Carrier HAP for the HVAC team). The tools at this interface were not
consistent throughout the project pbsisin schematic design, as shown in figure 6.12,
the MEP team had still not received the base model, and so most of the HVAC work was
focused on developing a narrative and sending it to the architect based on square footage
information. The HVAC project anager (M3) attended the early engineering meetings
to develop the HVAC systems and respond to key modifications by the client.

Being an irhouse consultant and more in touch with the architectural team,
sustainability analyst (E1) had access to the bas#ehn schematic design. As the SG
project was a LEED silver project, (E1)’'s main objective was to setup the appropriate
target values in Revit and the analysis tools he used to carry out the analysis till the
LEED documentation phases. His interactionhwiM3) was limited to meetings and
emails in schematic design, and figuring out what analysis tools the HVAC team would
be using for coordination purposes. (E1) used Ecotect for preliminary shading studies,
specifically to figure out the building orienian that would yield optimum performance.

This was done by exporting the Revit model to Ecotect using gbXML format.
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Figure 6.12. Interface4 (ENERGMVAC) in the SD phase of the SG project
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In the design development phase, as shown in figure 6.13, an HMA&Qner
joined the HVAC department. In addition, an architect (M5) was hired by the MEP team
to assist with Autodesk Revit MEP. His main task was setting up projects, linking MEP
files to the base file, setting up templates and any kind of custom fathdiethe MEP
firm does not have, and setting Revit standards for the firm in general. In this phase, the
HVAC team started using the Hourly Analysis Program (HAP) from Carrier for cooling

and heating calculations.
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Figure 6.13. Interface4 (ENERGMVAC) in the DD phase of the SG project

Some incompatibility issues surfaced during this phase. First, as the HVAC team
was aware of what ASHRAE calculation method their analysis tool employed, they were
more confident and comfortable with its results than Rigvit MEP. For example, (M4)
ran loads for the same building and under the same conditions, and Revit was about 40
percent off. Second, any imperfections, inaccuracies in the export and translation process,
or incorrect modeling for model elements suchvalf or slab overlaps resulted in a lot of
accumulation of error. It was much easier then to start from scratch in the HVAC analysis
software than to fix those errors which could not be tracked.

Third, as the architectural team was not completely detednan specifics of
model elements and their properties, they did not usually have all their parameters (e.g.
type of glass, Rralue, type of window kvalues) embedded in the BIM base model.

Generic objects were used instead, and this meant the HVAC tehto heke a lot of
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assumptions, manually input some parameters and ask the architectural team and (E1) for
more clarification. As (E1) was relying on the architectural team’s model and on the
same Revit parameters as input for Ecotect, where he carrietiioyterformance
calculations, there were many discrepancies between his results and the HVAC analysis
results. This made it harder for him to interface with HAP, and the MEP team preferred
starting from scratch and using their own calculations to acquire accurate data.

In the construction documents phase, as shown in figure 6.14, (E1) started using
EQuest for energy modeling, performance analysis and LEED documentation. There was
a desire within the group to integrate Revit schedules with EQuesatsplahs would be
color coded to automatically indicate allowable energy consumption in response to any
Revit model updates. This effort was not undertaken however as the group became short
of one its members at the end of DD and beginning of CD, andnéng\ye model was
also outsourced to an external consultant who also used EQuest for energy modeling.

With the HVAC team taking over most of the effort of doing calculations of
internal loads and performance, (E1)’s goal was to make sure at this poitiethatere
using the right assumptions throughout this phase. Communication between (E1) and
(M3) in this phase was mainly through emails, discussing amount of glazing, insulation
values, and other detailing issues, but (E1) did not directly provide perfoentata for
the MEP team. The MEP team was more reliant on their set of calculations and tools, and
(E1)’s role became more focused on following the LEED documentation process.
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Figure 6.14. Interface4 (ENERGMVAC) in the CD phase of the SG project

203



6.3.2 Interfaces in Intradisciplinary Interaction

6.3.2.1 BIMauthoring Tool and Domaigpecific Analysis Tool

As an example of this pattern of intradisciplinary interaction, the interface

between key participants in the structural team is examined @oeeH). The main tools

used at this interface were BiRUthoring tools (Autodesk Revit Structure) and domain
specific analysis tools (RAM Structural Systems). The tools at this interface were not
consistent throughout the project phases. In schematicndesgshown in figure 6.15,

both (S1) and (S2) used AutoCAD and RAM to develop a narrative and send out a rough
layout and preliminary structural drawings. In their internal meetings, they sat mostly at
the computer screen, opened the RAM model, and disduateral systems, seismic and

wind data, types of foundations, and other issues based on geotechnical work.
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Figure 6.15. Interface5 (STR) in the SD phase of the SG project

In the design development phase, as shown in figure 6.16, (S1) and (S2) worked
more according to the Revit updates they were getting from (Al). (S2) worked in both
Revit Structure and RAM, while (S1) double checked some of the analysis results in
RAM. (S3) represented technical support for the team, where he helped (S2) in getting u
basic Revit families and templates. The main problem in this phase was the
incompatibility between Revit and RAM. The process of updating the RAM analytical

model with updates from the BIM base model was not by any means seamless. As the
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two tools come ot of two different conceptual schemes (structural analysis versus
modeling) and are products of two different software developers (Bentley and Autodesk),
the process of automatically embedding the parameters, assumptions or results of one
tool into the oher was not possible. In order to communicate the model updates to (S1)
for further analysis and checking, (S2) had to constantly input the modified parameters
after every update from the architectural team as manual input into RAM; a process
which was bdt exhausting and inaccurate. He would also print out an updated set of
drawings for (S1)’'s review. They would both discuss the updates over the printouts, and

then (S2) would revise the structural model in Revit Structure accordingly.
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Figure 6.16. Intedce5 (STR) in the DD phase of the SG project

In the construction documents phase, as shown in figure 6.17, (S1) continued to
review printouts of the BIM base model. At this stage, (S2) would locate the architects’
updates on the structural model, extrsmttions where modifications needed to be made,
print those out and incorporate them in the hard copy set for discussion and review with
(S1). (S1) would either meet up with (S2) frequently to discuss further steps or make
manual markups on the hard copylehand it back to (S2) to reflect those markups in the

Revit model.
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Figure 6.17. Interface5 (STR) in the CD phase of the SG project

6.3.2.2 BIMauthoring Tool and Sketches

As an example of this pattern of intradisciplinary interaction, the interfacecbetkey
participants in the architectural team is examined (interface 6). The main tools used at
this interface were BlMauthoring tools (Autodesk Revit Architecture) and other
representations such as freehand sketches and rendered images. This intextize a
variety of patterns of communication across different participants. In schematic design, as
shown in figure 6.18, each of (A3), (A4) and (P1) communicated information differently
to (A1), who had to assimilate that information and translatedtthelanguageof Revit
Architecture. The least problematic was (A3) who had Revit experience and was
comfortable with using Revit from the beginning of the project.

Incorporating ideas from (A4) and (P1)’'s numerous sketches however was not an
easy taskor (Al). A lot of —and often faulty- interpretation of (P1)’s instructions and
diagrammatic representations or (A4)'s freehand sketches and rendered photoshop
images was involved. Added to that was the “designenodeler” mode that (P1)
inflicted on A1), where the modeling effort became an indirect account of what (P1)

designedbut which did not often turn out to be what was intended.
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Figure 6.18. Interface6 (ARCH) in the SD phase of the SG project

In the design development phase, as shown inrdigul9, the modeling and
production load was too much for (Al), and so (P1) engaged (A4) in the Revit modeling
process. (A4) had several obstacles, mainly struggling with Revit functionalities as a new
tool, and being pulled off to work on other tasksha firm. This instability in production
did not introduce any more efficiency in terms of production, and (Al) had to carry out
production work solely. (A4) continued to draw intermittent sketches as design ideas for
specific portions of the project, agi/e them to either (A1) or (A3) to incorporate in the
BIM model. In the construction documents phase, as shown in figure 6.20, the pressure
on (A1) was increasing, and more help was needed on the modeling and production side.
(A5), an expert Revit user,as hired to help both (A1) and (A3) with their tasks. At this
point, the modeling effort was more of coordination work with the consultants and
producing drawings and documentation, and most of it was done using either Revit or
DWEF files. There was veryttle intervention from (P1) except for minor refinement in

detailing.
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Figure 6.19. Interface6 (ARCH) in the DD phase of the SG project
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Figure 6.20. Interface6 (ARCH) in the CD phase of the SG project
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6.3.2.3 CAD Modeling Tool and DomaspecificAnalysis Tool

As an example of this pattern of intradisciplinary interaction, the interface
between key participants in the civil and landscape team is examined (interface 7). The
main tools used at this interface were modeling tools (AutoCAD) and despedific
analysis tools such as HydraFlow. In schematic design, as shown in figure 6.21, (L1) and
(L2) discussed the main approach to site utilities, landscaping, piping, and other site
constraints that should be communicated, especially to the archivectseaMEP team.
Based on geotechnical reports from surveyors in the firm, some preliminary calculations
done by (L2), and other documents from the state, (L1) set up the narrative for the

schematic design phase including the site layout drawing in AutoCAD
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Figure 6.21. Interface7 (CIVIL) in the SD phase of the SG project

In the design development phase, as shown in figure 6.22, (L2) used HydraFlow
and Civil 3D software for the piping and stormwater calculations. The software included
3D components sudds terrain modeling and working with 3D site coordinates. Much of
the reasoning behind the 3D construction of the site model from the analysis packages
was concealed by the “flattened” site drawings that were dominant in the exchanges and
discussions betvem (L1), (L2) and the rest of the team. (L2) extracted 2D site layout

drawings from the analysis packages, imported them into AutoCAD, and worked through
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CAD print outs and sketches together with (L1) and other drafters in the team on further

refinements.
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Figure 6.22. Interface7 (CIVIL) in the DD phase of the SG project

In the construction documents phase, as shown in figure 6.23, (L2) continued
using AutoCAD as the main platform for updating site layout, site cross sections,
plantation and hardscapeagkrings. The team drafters worked in AutoCAD, while (L1)
and (L2) mainly coordinated the work over CAD print outs together, and brought up any

issues for discussion with (Al) or (A2).
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Figure 6.23. Interface7 (CIVIL) in the CD phase of the SG project
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6.3.2.4 Domainrspecific Analysis Tool and (Unexploited) BHsuthoring Tool

As an example of this pattern of intradisciplinary interaction, the interface
between key participants in the audiovisual team is examined (interface 8). The main
tools used at thisnterface were modeling tools (AutoCAD), domaipecific analysis
tools (EASE acoustic modeling software) and BaMthoring tools (Revit Architecture).

This was not consistent throughout the phases. During schematic design, as shown in
figure 6.24, (V1) wa receiving the AutoCAD version of the SG project from (Al). He
used the information from the CAD file and from precedent example projects in the firm
to generate the AV proposal in narrative form, including preliminary AV conduit box
locations, projectioscreens, duct work, and some specifications. (V1) also carried out a
physical simulation of auditorium spaces in the firm to inform the process of designing
those interior spaces. (V2) and other members of the AV team used the EASE acoustic
analysis softwre to perform preliminary AV and acoustic calculations for the auditorium
spaces. (V2) was also migrating CAD libraries to Revit Architecture families and setting
up templates, as he believed it would be easier to work with the architectural team using

Revit, especially with (A3) on the interior design of spaces.
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Figure 6.24. Interface8 (AV) in the SD phase of the SG project

In design development, as shown in figure 6.25, the effort done by (V2) in

preparation for using Revit was not much integratath@énprocess, as (Al) had requested
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that the AV team only use AutoCAD and provide 2D DWG files. The work done by (V2)
in Revit was all extracted by (V1) in AutoCAD. A lot of the reasoning behind the specific
locations of projection screens, and parametiationships related to floor height, sight

lines and auditorium configurations were not preserved in this case.
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Figure 6.25. Interface8 (AV) in the DD phase of the SG project

In the construction documents phase, as shown in figure 6.26, (V2) contiued
support the transition effort to Revit in other projects in the firm, while (V3) was directly
involved with (V1) in the SG project. (V1) and (V3) continued to use AutoCAD to

produce the AV drawings and document specifications.
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Figure 6.26. Interface@\V) in the CD phase of the SG project
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6.3.3 Interfaces in Non-disciplinary Interaction

As an example of this pattern of ndisciplinary interaction, the interface
between the client and key participants in the architectural team is examined. The main
tools used at this interface were BRMithoring tools (Revit Architecture). The
participants were not consistent though throughout the project phases. During schematic
design, as shown in figure 6.27, (Al) and the architectural team worked on the BIM base
model, but provided the client (O1) with only hard copy drawings, PDF or PPT files that
included basic plan, elevation and section drawings, narratives and specification
documents. At this early stage, images and photorealistic renderings were one ahthe ma
means of communication between the architect and the client. (O1) provided the team
with images of traditional buildings and other documents that represented his taste and
the specific elements and motifs that he wanted to include in the SG projgcan@ihe
team also presented images of precedent examples of similar buildings and contexts, in
addition to renderings of similar projects done earlier at the firm. In meetings with the
client, these images represented the shared space of communichgomanpreliminary
picture of the design approach was portrayed through the negotiation process over the
different images and renderings.
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Figure 6.27. Interface9 (ARGRELIENT) in the SD phase of the SG project

In the design development phase, as shawiigure 6.28, there was a new client

for the project (O2) who had a different approach in terms of the building form. He
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preferred a modern approach rather than a traditional approach, and this was reflected in
the facade material requirements. The saméhad of communication however was in
effect. (O2) and the architectural team exchanged images that reflected the client’s taste.
No RVT or IFC files were sent to the client in this phase. (Al) only sent hard copy

drawings and PDF files of the design depshent package to (02).
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Figure 6.28. Interface9 (ARGRELIENT) in the DD phase of the SG project

In the construction documents phase, as shown in figure 6.29, there was little
communication with the client. At the end of CD, the full documentationdaaaing
package was sent to (O2) in hard copy and PDF file format. The client therefore did not

have any access to the BIM model throughout the project phases.
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Figure 6.29. Interface9 (ARGRELIENT) in the CD phase of the SG project
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6.4 The Shared Project Model Revisited

6.4.1 States of the Shared BIM Model

The interfaces demonstrated in the previous section denote patterns of
communication that take place at the intersection or overlap between two or more
disciplinary participants using two or more kand representations. They include BIM
authoring tools at the focus of attention, but extend to include CAD modeling tools,
analysis packages and other faigital representations that come into play and interact
with the base model. It was shown thadh patterns are not just discrete “data exchange
interfaces”, but are always associated with a larger context of disciplinary interaction and
communication, and involve soe@pgnitive dissonances and variations on
communicated information to match indivial preferences or domasgpecific interests.
Some of the observed patterns were related solely to the computational capacity of the
employed tools such as the incompatibility between BiMhoring and analysis tools.
Others were directly related to paipiants being not fully aware of the information needs
of other disciplinary participants such as the interpretation of missing information and the
need to provide additional domaspecific or customized parameters. Yet others were
related to participantshaving to translate design information from one form of
representation to another such as the aptitude of theadtibring tool to convey what
sketches and rendered images done by other participants could or vice versa.

These patterns were shown to eefl different types of interaction and over
different phases. Interdisciplinary interaction for example comprised most of the tool
incompatibility issues due to the diversity in modeling and analysis tools used. It also
involved issues related to the unstanding of information needs of other participants, as
it was hard to fulfill the needs of all disciplinary participants. Frequent physical or virtual
communication was necessary to confirm the exchanged information over the project

server. Intradiscipliary and nosrdisciplinary interaction however comprised most of the
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issues related to translating design information or requirements from verbal instruction to
modeling, or from one digital or nedhgital representation to the other. Verbal
communication ws often the predominant method of communication among team
members and with the client, and therefore a lot of interpretation was necessary to
transfer and represent the intent in the Bilvthoring tool.

What does this mean then for the “shared projectati®ddn this emerging type
of interdisciplinarity and intradisciplinarity where the boundaries of both specialization
and design knowledge are becoming supposedly less and less distinct, who owns the
intermediate space of collaboration and decision makig&t are the characteristics or
states of the shared model that well describe it in context and not just in terms of
hypothetical capabilities of communication among two ends of a data transaction? Many
studies have discussed t@mpletenesar correctnessof a shared BIM model in specific
domains of interest. The notion of a complete or correct model is always viewed in
relation to either computational capacity of tools or neutral format translators to carry an
accurate representation of required datasat correct modeling of building elements and
complete representation of input parameters by the user. This description tends to be
accurate only when seen out of the context of interaction among disciplinary participants.
| propose to expand these pvaceptions and provide a description of the diffestates
of a shared building model repository, seen in light of the dissertation observation. These
states may occur separately or in conjunction at different phases of a project. They
represent the coitédbns under which a shared BIM model reflects the nature of situated

interactions of participants with tools and with each other at a given instant in the project.

State (1): A complete model pending participant verification

The BIM model may be completand correct in terms of geometry, conventions
and input parameters needed for teams sharing the model, but requires channels of

communication supplementary and external to the model to confirm that all modeled
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elements correspond to the modeler’s intemti®his usually takes place in a mature
phase of design when most of the decisions are made and the primary goal of model
exchange is coordination with minor changes. In this state of the model and phase of the
workflow, a high degree of precision is neddand therefore both parties have to be
fully confident that the information provided by the model is to the highest level of
accuracy, where there is no room for unintended error or misunderstanding. With current
BIM tools having no method tdetectthe original intention of the designer, this creates a
space of ambiguity among disciplinary participants and potential for interpretation and
speculation. Failure to confirm or refute the speculations of other participants sharing the
model as a result of okeoking supplementary communication channels may lead to

accumulation of error based on repeated assumption build up and personal interpretation.

State (2): A model with complete but potentially unreliable information for participants

The BIM model may & correct in terms of geometry, conventions and input
parameters needed for teams sharing the model, but contains too much information that
participants may or may not have intentionally embedded for use by other disciplinary
participants. This usually taek place at early stages of design, where BIM tools may
demand a much higher level of detail than is required at such phases, which does not
necessarily guarantee that the participants embedded the suitable input for that stage of
design. In this state dhe model and phase of the workflow, an overload of possibly
inaccurate information can cause an accumulation of error as other participants
incorporate that information for the purpose of their analysis and calculations. The BIM
model in this case lookgght or complete in terms of required information, but may not
necessarily reflect conscious design decisions made by either participant sharing the base

model due to the early high demand of BIM tools for many input variables.

217



State (3): A partially conlpte model for coordination purposes using minimal

information

The BIM model may be correct in terms of geometry, conventions and input
parameters needed for teams sharing the model, but only partially complete, where teams
agree on strategies that allow them to share only specific model elements and in a
simplified way for coordination purposes. This decision usually takes place at the
beginning and continues throughout the project, where teams decide what exactly is
necessary to model and what can be described elsewhere and does not need to be
modeled. In this statef the model, using conventions and workarounds in the-BIM
authoring tool to describe intent without fully modeling every element may work for
practical reasons among AEC consultants including easier and faster coordination.

The base model can be descdbe this case as minimum requirementnodel,
where only very basic and necessary information and 3D geometry is exchanged, while
the agreed upon strategies and conventions among participants sharing the model, which
remain internal to the model, complemethis exchange mechanism. Although this
represents an efficient approach and reduces modeling load, it may have a downside
regarding the contractor’s interpretation of the drawings, especially when methods of
delivery eventually include the shared BIM ded as the key reference. If all parties
including contractors are not in sync, the effort done in the design phase may eventually

end up in a remodeling effort by the contractor.

State (4): An incomplete model for conceptualization and reflection purposes

The BIM model may be complete or correct in terms of geometry, conventions
and input parameters needed for teams sharing the model, but requires auxiliary
representations external to the model, such as freehand sketches, physical models or
quick rendering, to fully describe it. This usually takes place at early stages of design

especially among members of the same design team, where the primary goal of the model
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exchange is visualization and reflection to develop a preliminary concept. In this state of
the model and phase of the workflow, more exploration and reflection is needed with
relatively low degrees of accuracy, whether the model was partially or fully modeled.
Although there are more and more conceptual components, interfaces asadd
being ntroduced to BlIMauthoring tools, the freehand sketch remains more effective in
terms ofquick and dirtyexpression and externalization of ideas at early design phases.
BIM model representations remain for many participants, especially old school designers
or inexperienced modelers, rich in information but poor as media for design reflection. In
intradisciplinary interaction and during design brainstorming sessions, this becomes
problematic, as BlIMauthoring tools may be more restraining than enabling. With
varying roles and levels of expertise within a team, the output may not necessarily reflect
the full capacity of the thought process that the team spent endless hours discussing and

articulating over auxiliary representations that domake it througho the base model.

State (5): An incorrect model with respect to 3D geometry

The BIM model may be complete in terms of conventions and input parameters
needed for teams sharing the model, but modeled incorrectly in terms of geometry. This
usually takes plce at stages of design development, where the primary goal of the model
exchange is conducting analysis by other domain specialists. In this state of the model,
incorrect modeling of building elements without the knowledge of participants and
without metlods developed to detect those errors can result in many inaccuracies that can
render analysis results that do not correspond to the original intent built in the model.

Incorrect modeling may occur due to inexperience of participants with- BIM
authoring tols and correct modeling, the lack of standards that regulate modeling
procedures, or simply technical problems with BéMthoring tools. In the first case,
inexperienced participants may not be aware of modeling procedures that ensure a

correctly modele@lement. Errors that may seem trivial or unnoticeable such as duplicate
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spaces or overlapping walls can result in huge discrepancies and profound consequences
for analysts who may easily operate on flawed geometry and produce inaccurate results.
Even with more experienced participants, modeling with no clear regulating standards
can cause Iinefficiencies. Standardizing templates, modeling procedures, and
manufacturer models is substantial in reducing a lot of these inefficiencies, whether the
standardizatioreffort is done on a firm wide or project wide scale. In the third case,
expert modelers may experience technical difficulties with modeling capabilities in some
tools, such as intersecting model elements, and may not be able to overcome them if
noticed. BM managers may or may not resolve those difficulties within the project time
frame. They sometimes ask software vendors for assistance but often with little success

due to the time it takes to respond to a specific issue.

State (6): An incorrect model viirespect to input parameters and conventions

The BIM model may be modeled correctly in terms of geometry, but not in terms
of the conventions and input parameters needed for the other teams sharing the model.
This may be due to the lack of understandifigome participants of the needs of other
disciplinary participants, especially when the model involves the contribution of multiple
entities. This usually takes place at stages of design development, where the primary goal
of the model exchange is corading analysis by other domain specialists. In this state of
the model and phase of the workflow, this lack of understanding entails that the
specialists manually embed in the model or analysis package a set of assumptions,
parameters and other values lih®® domairspecific expertise that may or may not
match the assumptions the participants had in mind originally.

These assumptions may then have to be revised continually by means of
communication channels external to the base model. These revisiomstake place
later than needed, especially if designers pay little attention to implications of the

parameters they input in the model, with the interests of specialists being only an

220



afterthought rather than enlightening sources that constantly inforin dbeision
making. As a result, reconciliation sessions and discussions are typically deferred and
limited to discrete instances rather than continuous feedback loops throughout the project.
By time, the parameters and assumptions built into the basd bemmtene obsolete, and

it becomes harder to track the original intent or work with existing model information.

State (7): A complete model with misrepresented information propagated to participants

The BIM model may be complete or correct in terms afngetry, conventions
and input parameters needed for teams sharing the model, but much of the information
embedded in the model is lost in the translation process from one suite of tools to another
due to incompatibility among those tools. This may be dygatticipants using different
software modeling and analysis platforms in the exchange process, or due to limitations
in translation capacity within one platform to carry the required information with fair
accuracy. This usually takes place at stagesesigth development, where the primary
goal of the model exchange is conducting analysis by other domain specialists. In this
state of the model, failing to recognize these limitations in translation may lead to
analysis results that do not match the initrdent built in the model. If recognized,
participants may prefer to discard the automated translation and export of model data and
manually input the parameters they need in their analysis tools. With frequent and

continuous model updates, this may léad time consuming process with inaccuracies.

State (8): A complete model that represents a reduced dataset of information or

underlying assumptions from other applications or participants

The BIM model may be correct in terms of geometry, conventioas iaput
parameters needed for teams sharing the model, but may exclude some of the underlying
assumptions used by other disciplinary participants or include elements from other

modeling tools that are restricted to 2D geometry for simplification purpdses.
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usually takes place at stages of schematic design and into design development, where the
primary goal of the model exchange is exploring alternatives and getting design feedback
through analysis by other domain specialists. Specialists who aren gtig transition

phase to BIM may prefer exporting their analysis data in the form of 2D CAD drawings
that are integrated in the base model, even if their analysis included 3D geometry. In
other cases, their assumptions may be excluded if metadata gorarhlysis packages

is not incorporated into the model, but rather a reduced dataset that only provides end
results. In this state of the model and phase of the workflow, there may be practical
considerations to simplify the model and not overload ihwitlot of unnecessary 3D
geometry, but preserving geometric relationships inherent to the design intent and to the
related analysis and feedback may be more crucial. There may be many missed
opportunities as a result of this abridged version of the baselnm terms of informing

the decision making process and providing useful feedback to all participating teams.

6.4.2 The Shared BIM Model as Boundary Object?

The interfaces demonstrated in section 6.3 depict part of a larger picture and
concept known insociology as boundary objects. According to Star and Griesemer
(1989), boundary objects denote objects that are “both plastic enough to adapt to local
needs and constraints of the several parties employing them, yet robust enough to
maintain a common ideity across sites”. They carry different meanings and are
interpreted differently across social communities, and at the same time carry common
content in such a way that preserves their integrity and makes them recognizable to all
those communities. Gal &tl. (2004) broaden this definition of boundary objects to
indicate “resources that form and inform social identities” that are encompassed in a
dynamic system with components bound up in reciprocal relationships, rather than just
translation devices that aimtain coherence and address informational gaps between

social communities. An immediate observation about the BIM shared model in the
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dissertation study would assume that it does not act as a boundary object for all
participants or teams since not alltbEm used BlMauthoring tools in their practices,
like the civil engineering and audiovisual firms. This may not necessarily be the case nor
is it a subscription to the contrary. To understand if and how shared BIM models act as
boundary objects betweerER participants, | put forward the following observations:
Boundary objects do not necessarily connect parties together only; they can act as
both connecting and disconnecting entities. The shared BIM model, as seen in the SG
project, was an enabler for@alination between the architectural team and the structural
and MEP teams. This does not mean that it necessarily aligned their perspectives or built
bridges between the views and meanings of its different participants and teams, which
represent differencommunities of practice (Wenger, 1998). It can be argued that the
shared BIM model connects different communities that do not originally belong to each
other through standardization of information (Star and Griesemer, 1989). Information in
this case is @anized in such a preset format that allows each of the participants to
engage with it locally, while the mechanisms of the model as a boundary object deal with
translation of information to other parties and provide each party with the required subset
of information, on both the semantic and geometric levels. A number of issues emerge in
this type of communication. The social complexity and experience represented in the
shared practices, interactions and boundaries among participants is not usuallyntongrue
with what Wenger calls “reified structures of institutional affiliations, divisions and
boundaries”Membershipf a specific community of practice, as pointed out in chapters
4 and 5, does not necessarily imply institutional (or disciplinary) aféhabut is rather
defined through engagement in practice and formation of identity. The underlying
structures however defining the mechanisms of translation and interfacing in a BIM
model tend to address institutional categories rather than communitiescttg They

are more inclined to adopt “institutional boundaries” that make definite distinctions
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between their affiliates and naffiliates rather than “boundaries of practice” that
undergo continual negotiation of meaning and allow for flexible ppation.

In practice, communities sharing the model tend not to follow those institutional
boundaries but rather often “blur” them through “peripheral”’ relations and interactions.
Some instances in the SG project witnessed the act of blurring these esinoiathe
act of “brokering” (Wenger, 1998). (A1), (A2), (B1), (E1) and (V2) are different but
striking examples. According to Wenger, brokers open new opportunities for meaning
and help coordinate and establish new connections across different corsnohit
practice. Rather than being at the heart of a practice, they tend to stay at the boundaries of
multiple practices, with the main enterprise being that of alignment and enabling
transactions between conflicting interests, causing some element mhdeatong the
process by introducing aspects of one practice into another. Although (Al) was at the
core of the architectural team, there was an interesting shift in his role starting from
design development and through construction documents. He washengproject
manager, whose role is known to be mostly associated with brokering across practice
boundaries, but he eventually highly participated in those activities as he was the most
proficient with modeling and model coordination. He shared this rdle (#2) but his
share was often more dominant as he was “in control” of the main boundary object and
reached out to consultants to reconcile practical issuasd not their perspectives
using simple coordination procedures. As (Al) was more involvethadeling and
design than (A2), being in this position was more of an enabler for both design and
communication, since he was involved in more details of coordination with the
consultants.

(B1) represented a different kind of “brokering” role. As BIM mamape was
literally at the boundary of multiple practices and watching closely the conflicts and
misalignments that were taking place for instance between (C1) and the architectural

team. His focus, especially at the end of design development and begimining
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construction documents, was primarily coordinating between the two “communities”,
enabling transactions between their arguments and misunderstandings, and helping to
bring them together through more social engagement and learning more about each
other’s practices. There were other attempts by (B1) to facilitate the coordination process
between the team and the consultants, as he did with other teams in the firm, by trying to
introduce conflict detection software. Being just at the boundary of bothgasetith

limited authority, he was isolated to a large extent from all parties, including the
architectural team, and the decision was mostly up to (A1) who preferred to use other
more easyto-use methods within the BIMuthoring tool based on his expewe.

(E1)’s role was yet different. He overlooked multiple projects in the architectural
firm, sometimes working on 6 or 7 projects at the same time. His role was characterized
primarily by its “multtmembership”. As his work was mostly at the boundarpath
architectural and MEP (specifically HVAC and electrical), he belosgadltaneously to
both practicesndto neither. His experience in both areas enabled him to make repeated
attempts to bridge the gap between them in terms of shading and pederstadies.
Incompatibility issues between the Bidithoring tool, energy analysis tools and the
MEP analysis tools altogether introduced major redundancies to his brokering role.
Again, his limited authority and his relative isolation from all partieeenms of active
participation allowed the MEP team to take the decision of relying completely on their
own tools and interact directly with the architectural team.

(V2) presented another example of brokering. As seen in chapter 4, his multi
membership irboth the tool (boundary object) and another “community” (interior design
“‘community”) besides his original audiosual design “community”, opened up
opportunities of negotiation in his participation in the project. According to Wenger, (V2)
was caught beteen being attracted by the boundary object to become a “full member” of
the interior design community of practice and being rejected as an “intruder” by (A3) and

(A1) who wanted to maintain their design “space”. The shared BIM model in this case
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“reified” the activity of integrating interior space configuration and the associated
calculations into the audiaisual design of the space to an extent that allowed for a
seamless, automated and meaningful activity for both parties. The balance however
between aguiring enough legitimacy to participate and leaving enough distance to bring
a different viewpoint to the table was not carefully managed by (V2); regardless of the
fact that only the architectural team used the 8livihoring tool, which was only due to
contractual agreements.

Sharing the BIM model does not guarantee however an act of “collective
brokering”, where connections are sustained between all practices and all conflicts are
reconciled and addressed. Based on the observations in chapters 4 and 5 and the
identified activiies ofreading of reading intq writing for, andwriting to, in addition to
the interfaces of information exchange outlined in section 6.3, | suggest that the BIM
model as boundary object in the SG project resulted in the emergence of different types
of interchangeable participants, including what | call the “participant writer” and the
“participant reader”, in addition to Wenger's “broker”. Theiter represents any
participant contributing to the boundary object, which may be in this case not only the
shared model but any other auxiliary representation such as a sketch, CAD model or
image. Writers have full control or authority over what is “written” to the boundary
object, butreaders‘“receiving” the message at the other side have only partial control
based on interpretation of what the message actually means to them. This applies to the
states of the shared model mentioned in section 6.4.1 where incompatibility and
interpretation play the major role. As the authority over the content and interpreted
meanings of the different boundary objects is shared among the different participants,
including writers and readers, the need for brokers becomes inevitable for coordination
and alignment purposes. The three roles can be interchangeable over time andhbased o
the relation of the participant to the different boundary objects that predominantly shape

the structure of interaction in each design phase. For instance, in terms of
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interdisciplinary interaction in schematic design and early design development, the
consultants were mostly passive readers of (Al)’s writing to the boundary object (the
shared model), with some exceptions like (V2) who acted as broker between (V1) and
(A3). In later phases, most of the architects and consultants were both \&nters
reades. With more conflicts and with the need to resolve issues and misalignments
resulting from the boundary object or from discrepancies in perspectives, new brokers
began to evolve in the scene, such as (B1) who acted as broker between (C1) and (Al),
(M5) who acted as broker between both (M2) and (Al), and (E1) and (M4).

Within the architectural team, (Al) and (A3) were writers throughout the design
phases, while (A4) was primarily reader in most phases but writer in other boundary
objects such as sketchasd rendered images. Her role changed to both writer and reader
in design development using the BIM model as boundary object but only temporarily.
Due to her inexperience, (A5) appeared as broker between (Al) and (A4) to resolve the
incompatibility issuedvetween them in terms of understanding each other’s views about
the design and expressing them accurately in the shared model. In fact, (A5) and (Al)’s
roles in design development and construction documents were mostly a mix of all three
types with differat shares. With the client, the architectural team acted as readers trying
to interpret the ambiguous requirements through mutually exchanged images between
both parties. (P1) transferred those exchanges within the team by acting as broker, trying
to conve the client’s needs as much as possible through sketches to the rest of the team.
(A4) augmented the brokering, especially between (P1) and (Al) where the shared model
often failed to convey (P1)’s ideas, by using additional sketches, physical models and
rendered images to bridge the gap between the design parti attempted by her and (P1) and
the “mechanical” modeling procedures that (A1) was continuously undertaking.

With both (multiple) boundary objects and brokering being at the core of shared
perspedves and ideas, they act as both enablers and obstacles to the effective

communication of design intent among participants. The sequence of experiencing each
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tends to define how successful this communication is. For instance, in the interaction
between (Cland (Al) as per state (6) in section 6.4.1, the key boundary object was the
shared BIM model where (Al) updated the model and (C1l) extracted information
relevant to his estimating procedures. As (Alkpte the input parameters to the model,

(C1) asreade did not fully accept or recognize some of those parameters as meaningful
to him. As communication with this boundary object did not seem to satisfy (C1), the
focus was shifted to anotheeliable boundary object that was more familiar and
comfortable tohim; Excel spreadsheets, and with another participant (A2) who acted as
broker to resolve inconsistencies between both parties. Over spreadsheets, (A2) conveyed
(C1)’s requirements to (Al) to redesign within the allotted budget. By time, this method
did na prove as effective as there was still a disconnect betweeanritiveg of both (A1)

and (C1). (B1) stepped in as broker to resolve the conflicts between both parties, but
using other methods to develop the communication using the original boundary object
the shared BIM model, because he realized that a more consistent method of aligning the
reading and writing procedures was needed. Through the sequence of reading, writing
and brokering, and the how each boundary object lends itself to those processes, a clear

idea of effective communication of design intent can be established.

6.5 Discussion

This chapter presged a reexamination of the shared project model based on the
findings of the dissertation study. By providing a thick description of the different
interfaces of participant and tool interaction enabled by the shared model, it was shown
that the BIM modelcannot exclusively embrace all interdisciplinary, intradisciplinary
and nondisciplinary interactions for a given project. The description puts forward a
series of states that the shared project model is assumed to operate within as per the
study. These ates highlight factors related to required channels of communication

external to the model, possibly unconscious design decisions allowed by tool demands,
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the need for representations supplementary to the model for enhanced conceptualization,
partial modahg of elements for efficiency and reducing the modeling load, incorrect
modeling due to inexperience, missing conventions due to lack of understanding of needs
of other participants, data loss or misrepresentation due to incompatibilities between
tools, and excluding underlying assumptions from other tools or participants. Although
these factors all contribute to the correctness and completeness of the shared model and
to the reliable exchange of information among teams, they stem from different origins,
including tool functionality and interoperability limitations, participant inexperience, lack
of clear modeling standards, and the need for supplementary communication and
representation of information.

The chapter also introduced the notion of the shamedel as boundary object.
Along with other boundary objects enacted in communities of practice and the writing,
reading and brokering activities of participants in boundaries of practice rather than
institutional boundaries, the effective communication désign intent among
interdisciplinary, intradisciplinary and nafisciplinary participants is described through
the sequence of events and along project phases. In this context, interdisciplinary
interaction denotes interaction between participants belgrngi— or aremembersof —
more than onetypical discipline. Similarly, intradisciplinary interaction denotes
interaction between participants who amembersof one typical discipline, and non
disciplinary interaction denotes interaction between paditg who are not necessarily
part of a specific discipline. These types of interaction do not appear to capture the full
experience of mukmembership of participants to different communities of practice and
the overlapping of their backgrounds, needs @udls upon communication and
exchange of information. With the BIM base model as a key boundary object among
others, and with the emerging interests and needs of participants who are members of
different communities, new communities of practice yet datte evolve along the

course of the SG project.
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These new communities extend to include one or more of these three types of
interaction. In section 6.3.1.2 for example, (Al) and (C1) are members of two different
communities; architectural and cost estimgitcontractors’ community. At the same
time, they both are members of the community of the architectural firm with its practices
and shared resources. (B1), who acted as a broker at the end of design development and
beginning of construction documents beém (Al) and (C1), was a member of the firm
but also belonged to a community of BIM managers and IT specialists. Throughout the
construction documents phase, a regondarycommunity of practice started to build
up from these initiagbrimary communities.This secondary community started to develop
a goal of its own, which focused on the enhancement and installation of a new cost
estimating approach that allows for a more efficient des@gt feedback process. This
goal is both independent from the initgdals set typically at the beginning of the project
(and therefore separate from the goals of each primary community), and an emergent goal
that develops only upon the interaction between some or all participants in each primary
community. At the same tie in design development, a new community that included
(C2), (S1) and (C1) started to evolve. Discrepancies in cost analysis results surfaced
throughout the interaction between (C2) and (S1) due to different viewpoints on the level
of both primary commuties and individual perspectives. These discrepancies led to the
instigation of a new secondary community among (C2), (S1) and (C1) with the goal of
reconciling estimating methods and analysis results originating from the same building
model; a goal that as not initially defined for either primary community from the
beginning of the project. In fact, each of the interfaces identified in section 6.3
represents, in one form or another, a secondary community of practice that is not solely
defined by the molved disciplines or tools but by the dimension of time and phase of
interaction. As the tools and key participants at each interface change periodically, the
nature of the activities (writing, reading and brokering) and communication taking place

betweenparticipants, the boundary objects at the interface, andndmabersof the
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interacting communities undergo continuous transformation. In section 6.3.2.2 for
instance, a subset of the primary community of intradisciplinary interaction (P1, Al, A3,
and Ad4)worked in the schematic phase of design on developing the main concept of the
SG building. The boundary object was not just the BIM base model. In fact, sketches,
rendered images, and physical models were more of a shared boundary object, at least for
mod members of this secondary community. (A1) and (A3) were the main writers to the
base model, while (P1) and (A4) were the main writers to sketches and diagrammatic
representations. (Al), (A3) and (A4) were readers of the sketches developed by (P1),
while most of the team were reading into (Al)'s model representations. (P1) and often
(A2) —who was at the peripheryintervened as brokers to resolve the tensions between
(A4) and (Al) and their different perceptions and readings of the multiple boundary
objects during the interaction. In design development, the same members of the
secondary community worked together, but mostly shared the same boundary object, as
(A4) started to engage in modeling. In construction documents, (A5) joined as a new
participant,replacing (A4) and therefore a new secondary community was established
with three experienced modelers. (P1)’'s role was limited to following the progress of the
design through verbal communication. The BIM base model became the main boundary
object at thisstage. Brokering was limited, and there was a better reading of the model
and the design than reading into the embedded meanings.

Secondary communities are thus developed as subsets of interdisciplinary,
intradisciplinary or nosdisciplinary interactios. According to the dissertation study,
they evolved as a response to specific goals that were not originally intended from the
beginning of the project, and therefore represent raorergenthandesignedactivities
and practices (Wenger, 1998). They werleo related mostly to either technology
development purposes or for the purpose of discussing specific design issues that were of
interest to specific participants within or across different primary communities. Although

the changing nature of activities both primary and secondary communities, and the role
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of multi-membership in each, all affected the definition of BIM as boundary object, other
dimensions seemed to contribute to that definition, such as time and phasing, and the
existence of othesecandary boundary objects. The shared BIM model played different
roles in different design phases. It seemed to satisfy the notion of “nexus of perspectives”
(Wenger, 1998) for some communities, but only in interdisciplinary interactions in later
phases of # design. In that case, it was dominated by secondary boundary objects in
early phases of the design and was tessningfulfor members of those communities.
For others, it was more meaningful in the conceptual or design development stage. This
partial representation of the model as a boundary object with different relative weights in
each design stage contributed to the various dynamic types or states of the model
mentioned in section 6.4.1. The fact that it represented a different value for members of
different primary or secondary communities added to the richness of the model as
boundary object, and augmented the procesgsadaicipation and reification (Wenger,
1998) embodied in community members and the model respectively.

As defined by Wenger, pactpation denotes active involvement by participants in
a specific practice, while reification involves capturing and abstracting those complex
practices into more concise and well structured representations for a better sharing
experience within the commiiyn Meaning making has always been associated with the
duality of participatiorreification. From the dissertation study, mutiembership and
mutual recognition among participants belonging to different and overlapping
communities of practice has augnmeshthe sense of participation in the project. This was
also achieved by some of the activities that the BIM tools and other secondary boundary
objects shared by different communities allowed, such as information sharing, conflict
resolution, and model codination. In terms of reification, the model provided different
values and levels of interpretation for members of different primary and secondary
communities of practice. This represented challenges for the hypothetical automated

process of sharing and aalinating information, it introduced more complexity and did
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not necessarily introduce less information chdogrinciple, the BIM model as a shared
repository of information, and consequently a boundary object, is assumed to take into
consideration althe participation and reification activities, and especially for the purpose
of interdisciplinary interaction. However, the convoluted meaning making processes, and
the goals, expectations and intentions of mmkéimber communities entails much more
interaction patterns that are not necessarily captured in current BIM systems. These
patterns vary across other contexts of study and within the larger population of firms that
use building information modeling in their practices. The aforementioned differances
multi-memberships, values of BIM for different members, participation and reification
activities, and the structure of primary and secondary communities of practice, all imply
that these differences should be accounted for in technology developroetst €hapter

7 introduces parallels to other contexts of study in an attempt to identify those differences
within the larger AEC population by means of a definition of the main assumptions of the
dissertation study and an investigation of current mamedrts that address the use of

BIM in AEC firms to date.
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CHAPTER 7

DESCRIPTION OF STUDY IN RELATION TO OTHER CONTEXTS

This chapter discusses the assumptions central to the dissertation study in relation
to a spectrum of possible scenarios across atwetexts within the larger population of
AEC firms. To draw parallels to these contexts, the chapter examines existing surveys
and market reports that address the use and benefits of BIM in the AEC industry in light
of the dissertation findings. Amendntsn supplements and thicker descriptions are
proposed for the survey topics. Topics under investigation include the internal business
value of BIM, the top ways to improve value of BIM, and the impact of project factors on

BIM value.

7.1 Assumptions and Context of Study

The issues pointed out in the previous sections built on the findings of a single
observation involving a number of participating AEC disciplines. In order to draw more
generic conclusions and expand to include the larger pool of archateatat A/E firms
in BIM-enabled practice, the key assumptions central to the research and its basic context
and settings have to be demonstrated. These will be discussed in relation to a spectrum of
possible scenarios across other cases, as follows:

Type @ firm: The firms involved in the SG project were an architectural firm and
a group of engineering firms. Other contexts of study may involve different types like
architecture/engineering (A/E) firms where all disciplines are represented within the same
ertity. In this type of firm structure, many issues related to the nature of communication
and model exchange among participants emerge. The fact that all disciplines exist
physically or virtually under the same entity implies different communication cleannel

and different mechanisms and strategies for design, planning, analysis, feedback,
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coordination, and conflict resolution. It is necessary to identify these differences in A/E
contexts.

Software platform and version compatibilitylost of the participatip teams in
the study who used BIMuthoring tools used Autodesk Revit platforms version 2010
(including Revit Architecture, Revit Structure, and Revit MEP) and were in the process
of moving to Revit 2011. Analysis packages included EQuest and Ecotect for
sustainability analysis, Innovaya Visual Estimating and Timberline for cost estimating,
Visual for photometric calculations, EASE for acoustic modeling, Carrier HAP for
heating and cooling load calculations, RAM Structural Systems for structural analysis,
and HydraFlow and Civil 3D for terrain modeling and stormwater management.

Some participants saw the transition to Revit 2011 problematic as they were just
getting to learn Revit 2010, such as (M2), (S2) and (A4), especially with the new
interface andearning other functionalities. Others saw benefit in Revit 2011, related to
enhancements in coordination functionalities such as copy monitor (applying copy
monitor to equipment and not only building elements) in case of (M4), or in being able to
automateLEED target values based on ASHRAE requirements in Revit as with (E1).
Some participants used tools from different platforms or software vendors, such as the
structural team which used Revit Structure (a product of Autodesk) and RAM Structural
Systems (aproduct of Bentley), and not for example Autodesk’s Robot Structural
Analysis, which presented compatibility problems.

Autodesk Revit is one of the most common platforms currently used in BIM
projects in the AEC industry. Other contexts of study can imvalifferent BIM
authoring tools such as Bentley Architecture, Digital Project, Nemetschek’'s Graphisoft
ArchiCAD and Vectorworks, or other emerging tools. The key concepts and
functionalities of each of these tools have to be taken into consideratioreircotiiexts.
While Revit's central project database approach implies coordinating all building

elements in a single central file with multiple user access through localized files and
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worksets, Bentley Systems adopts an integrated project model apprdasfctrapasses

a family of application modules, Graphisoft adopts the virtual building model approach
with ArchiCAD viewed as one of multiple satellite applications orbiting a virtual building
model, and Vectorworks provides a general purpose and highlgnozable software
platform for BIM and CAD platform. Each of these Bldithoring systems comes with

its own suite of tools as well as its specific functionalities for conceptual modeling,
parametric design, coordination, server technology and -omsti @cess. Specifics
related to advantages and disadvantages in use have to be tested in the context of
everyday practice.

BIM and nonBIM participants In the dissertation study, three of the participating
firms used BlMauthoring tools in the observedopect (architectural, structural, and
MEP). Two firms did not use BIMwthoring tools (civil and landscape, and audiovisual).
This was specified according to the contractual agreement at the beginning of the project.
Among the BIM participants, the arcloteral team was the most experienced with BIM
authoring tools. The firm had been undergoing the gradual transition from Bentley
Microstation to Autodesk Revit for a period of four years, until most teams in the firm
started using Revit in their projects.slihlly at least one expert BIM modeler was
assigned for each project. For the SG project, (Al), (A3) and (A5) had Revit experience
and worked on several BIM projects earlier. The team received technical support from
two BIM managers and other experiencadh#dects within the firm. The firm also
offered Revit classes for inexperienced participants like (A2) and (A4).

In the structural firm, the team and the firm at large were new to Revit or to any
BIM -authoring tool. The SG project was the second or 8k project in the firm. One
structural engineer with Revit experience was assigned to provide technical support for
(S2) and for all other teams working in Revit in the firm. The MEP firm also had a
similar experience with Revit. It was the second BIMjgct in the firm. An architect

(M5) was hired to provide technical support. MEP was considered one of the few MEP
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firms using Reuvit, as it was still common to use AutoCAD in most practicing firms, and
most firms were still resistant to BIM. In other corte of study, the number of
participant teams using BHduthoring tools is significant. If one or more consultant
teams are resistant to using BIM in a project, the whole process may become useless.

Complexity of projectThe SG project was a relativelyrple building in terms of
structure, form and number of stories, but complex in terms of its function and
equipment. The project includes a medical technology building where the main focus is
on spaces and laboratories with highly sophisticated equipsecit as biology,
radiology, chemistry, surgical technology and opticianary spaces. The building consisted
of three floors and mostly repetitive spaces except for one lobby and atrium at the
entrance. In other contexts of study, discrepancies in projegilerity have to be taken
into consideration. Some projects have specific focal points that may affect modeling
procedures or communication among teams and participants. These include issues such as
parametric design for the building fagade, performance earagy savings, high rise
buildings, etc.

Number of central and local model fileBhe disciplinary teams in the SG project
all worked from one central Revit file, referred to in the dissertation as the BIM base
model. Each team had a local file that it extracts and detaches from the central file and
then uploads to the central filetef modifications and updates. The architectural team,
including (A1), (A3), (A4), (A5) and (E1) worked using one local file. The structural
team, including (S2) and (S3) worked using one local file. The MEP team, including
(M1), (M2), (M3), (M4), (M5) andM6), all worked using one local file.

In other contexts of study, it is important to recognize the number of central and
local files used. Some MEP firms for example use one local model with different views,
as was the case with the SG project. Othenditend to use one local file for each
department; one file for mechanical and HVAC, one for electrical, and one for plumbing.

Also, each discipline in the SG project had its own local file. In some other cases,
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multiple disciplines may share the samealdde and rely on synchronizing access. Each
case affects the nature of communicating information across the models, in addition to
the degree of accuracy and accumulation of error. Working with multiple local files in
intradisciplinary interaction forample may lead to a higher percentage of accumulated
errors or lead to less coordination.

Model exchange versus other modes of communicaltiothe SG project, the
exchange of the BIM base model was mainly instigated at the end of schematic design
and tke beginning of design development. The architectural team, mainly the project
architect (A1), provided updates of the model once a week during design development
and mostly twice a week during construction documents. The consultants updated their
models upn receiving the architectural model and uploaded them on average once every
two weeks during design development and once a week during construction documents.
Physical meetings, phone conversations and email communication were more frequent
among the casultants during construction documents, when more attention was paid to
detailing and coordination. With the structural and MEP consultants, verbal
communication, discussions and physical meetings were ongoing throughout the project
phases. With others kkthe cost consultant, civil and audiovisual, as well as the client,
meetings and discussions were rather discrete, at the beginning and end of each phase,
with no continuous follow ups.

In other contexts of study, it is important to specify the frequehexchanges in
each type of interaction; interdisciplinary, intradisciplinary, and-aigniplinary. For
interdisciplinary interaction for example, it is important to note the frequency of model
exchange, email exchange, phone conversations, and physetihgs. For interaction
within teams, it is important to consider informal discussions and the exchange of
models, sketches and drawings as well. In all cases, the representations that the
participants and teams typically use for communication the stostild be identified

(e.g. print outs, sketches, diagrams, 3D models, physical models).
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Standards In the SG project, there were no project or firm wide standards
developed in the architectural team regarding modeling procedures, worksets, templates
or families in Revit. As the BIM manager (B1) did not establish unified standards for the
firm and the project manager (A2) did not develop project specific standards, this was a
burden for many participants, including (Al) and (A3), who were used to following
specific modeling standards at the firms they had worked at earlier. As model element
libraries and families were not fully organized within the firm, (A1) had to search for the
suitable ones on the Internet instead of the local digital library.

In other contexts of study, establishing organized standards for all participating
disciplines can affect the correctness and completeness of the shared building model. It is
necessary to identify the extent to which these are developed and whether they are set
project by project by project managers or are consistent throughout the firms on a
localized or global scale. It is also necessary to understand if there is consensus among
the architect, consultants and/or contractors regarding standards relateditd thelB

Conflict detection and resolutiohe method used in the SG project to check for
conflicts between building model elements related to the different disciplines included a
number of ways such as using the Revit copy monitor functionality, usifgaR® DWF
digital markups on Revit sheet views, and manual coordination using hard copy
drawings, the most successful being the DWF markups. Although the architectural firm
and team had access to Autodesk Navisworks and was encouraged by the BIM manager
to use it for conflict resolution, the team preferred not to use it due to the overwhelming
number of errors that have to be double checked by the team and the exhausting time
consuming process. Other teams in the firm used Navisworks and spent endlesgsmeeti
trying to “make sense” of the conflict checking reports generated by Navisworks. More
important to them was that using the software at least forced the consultant teams to
come together, look at the reports on the screen, and discuss the issuesewiledy

was on board.
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In other contexts of study, it is important to define what method of conflict
detection and resolution is use. Neither method completely guarantees that all issues are
resolved, but each comes with a different modeling approactcaéimatange from 2D
intent drawings to full 3D modeling. The former involves exhaustive physical
coordination and eyeballing of printed out drawings, while the latter involves an
exhaustive computational process with overwhelming results. Both however pravok
certain level of confidence and control over the process in different ways. With 2D intent
drawings, participants are more likely not to be fully aware of the consequences of the
drawings in the coordination process as is the case with full 3D modé&hegdegree of
comfort or confidence with a fully automated report however versus a manual process of
detecting conflicts may vary across participants and teams.

Project delivery and modeling strategidde deliverables in the SG project were
2D drawings No 3D models were to be submitted to either the contractor or the client.
There was an attempt by the project funding agency to demand that the BIM base model
should be submitted, but this did not come into effect, as there was nobody skilled
enough to prform the necessary 3D model checking against the agency requirements. As
this issue was brought up internally within the architectural team, there was discussion as
to whether the approach should incorpo@mplete modelingr a model that judboks
right. There was also consensus among the BIM participating teams concerning modeling
strategies. The project architect (Al) led the effort and coordinated with the teams what
elements are to be modeled and what does not necessarily need to be modeled.

The type of deliverables affected many decisions regarding Revit views and
templates, and coordination efforts with the consultants. The final model was not a full
3D virtual representation of the project, but a basic model that contained spaces, exterior
andinterior walls, ceilings, slabs, doors and windows. Other elements such as furniture,
equipment, screens, mechanical systems, and piping were not always modeled. In

general, elements that did not “appear” in more than one or two views were not modeled,
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but were drawn and complemented in 2D sections and details. In other contexts of study,
it is necessary to identify whether the method of delivery involves submitting a 3D model
or just 2D drawings. There can be many types of deliverables for the contraclient
including hard copy drawings, digital 2D DWGs, or 3D model files such as RVT or IFC.
Deliverable file formats are often requested that do not necessarily match the software
platform most of the consultants use. This is not always automaticblgddoy means of
simple format conversion, and may require remodeling.

Having an accurate picture of what the method of delivery is for a given project
will help indirectly in defining the degree of completeness and correctness of the shared
base model ahthe level of accuracy by which it is drawn. It is necessary to define what
the purpose of the shared model is; is it a 3D model but still acts as intent drawings? In
other words, is it a model with “minimum requirement” 3D geometry but with
coordinationas basic use, or is it a fully interactive and intelligent system?

Role of participantsin the SG project, contributions to the BIM base model
varied among participants. Participants like (Al) and (S2) contributed a lot in terms of
modeling. (A4) for examle did not, but was effective with respect to designing in the
early stages. As more modeling contribution was needed, (A4) was replaced with (A5)
who was assigned considerable modeling tasks. Over the course of the project, some
other participants joinenh the middle of the project like (M4) who joined the MEP team
during design development, and (C2) as an external cost consultant who joined at the
beginning of design development. Some others left as a result of the fluctuating economy
such as (E1)’s asdant in the sustainability group. Others were on and off on the project,
as was the case with the cost consultant (C1) and the intern (A4) whose help was needed
urgently on other projects. It is necessary in other contexts of study to track these changes
in numbers and roles of key participants in all teams, as it affects the pool of design and

modeling expertise residing in the teams.
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7.2 Examining Market Reports and Surveys

The previous sections show how communication in #ihhbled practice is
enactedwithin the working environment in a larger context of semignitive interaction
and not just discrete model exchanges and interfaces. Section 7.1 illustrated a first step
towards transferring the findings of the dissertation study to other contexisddnto
draw parallels from this study to the larger population of firms, systematic surveys have
to be developed for gathering information from representative firms and identify basic
experiences and characteristics in relation to the research inghisysd@ction looks at
previous surveys conducted for the purpose of studying characteristics of BIM in
practice, and introduces suggestions that address the specific inquiry of the dissertation.
These suggestions take the form of amendments, supplemehisker descriptions of
existing survey topics. Conducting the survey and putting it into effect is beyond the
scope of this dissertation, and is a topic for future work.

Recent surveys regarding the use of BIM in practice (McGraw Hill, 2009; NBS,
2010) tave focused on the following survey topics: the improved productivity and value
of BIM, the perceived Return on Investment (ROI), competitive advantage, growth in
BIM use, investments in teams, rapid adoption of BIM, and owner and market demand.
Architects engineers, contractors and owners participated in these surveys and were
asked to rank the survey items based on their relative importance. These topics are more
related to the business value of BIM in the AEC industry, and not to the minutiae of
communcating design intent among participants and teams. The goal here however is to
examine each of these topics in light of the observation findings, and propose new
categories and subcategories or introduce changes that address the research inquiry and
are sen to be of added value to the survey topics. In each of the proposed surveys below,
individuals from participating organizations, including owners, architectural and
engineering firms, and contractors, will be asked to provide general information telated

their organization and their specific use of BIM tools, based on the assumptions listed in
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section 7.1. Factors such as the type of firm, type and version of software platform,
number of participants, method of project delivery, method of clash detecttbconflict
resolution used, method of model exchange, and the role of participants, will be
integrated (table 7.1).

Surveys like McGraw Hill (2009) incorporate architects, engineers, owners and
contractors as organizations and firms, in addition terathtegories related to individual
participants like experts and novices. The proposed categories integrate primarily
individual participants with the purpose of highlighting specific roles within and across
participant organizations as the populationermsgtudy rather than a generic investigation
of those organizations. Rather than for instance architectural firms, electrical engineers,
or experts, a wider and array of representatives and a specific population can be included
such as project architectisterns, estimators, BIM managers, HVAC project managers,
interior designers, structural senior engineers, etc. Other roles that are not usually
recognized can be identified such as architects at MEP firms, contractors at A/E firms,
engineers working forhe owner, etc. Understanding the structure and type of the
organization is another added value, which implies taking into consideration whether for
instance the firm is an overall MEP firm or one firm per trade, an architectural firm or an
architectural/egineering firm, etc. Incorporating such roles and other potential roles that
emerge in the AEC industry and are specified by participants adds to the richness of the
gathered data from the survey topics highlighted in the coming sections of this chapter,
and allows for an irdepth reading of the survey results in relation to the context of the
organization, the specific roles of individual participants, the lNhoring and analysis
software applications they use, the methods they use for modeling ahdt ahafcking,
the methods of project delivery, and other background information. In the surveys below,
section 7.2.1 examines surveys that discuss the internal business value of BIM. Section
7.2.2 examines surveys that discuss top ways to improve BlMe.v&8action 7.2.3

examines surveys that discuss the impact of project factors in BIM value.
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Table 7.1. Basic information sheet for participants in proposed survey

PARTICIPANT BASIC INFORMATION

Type of organization belonging to

Owner

Architectural firm

Architectural/Engineering firm

Structural firm

Mechanical/Electrical/Plumbing (joint)

Mechanical/Electrical/Plumbing (separate: specify)

Civil/Landscape design firm

Acoustics/Audiovisual firm

Cost estimation firm

Sustainability analysis firm/group

Contractor/fabricator

Other (specify)

Full number of staff in organization

Role in organization (architect, intern, project manager, etc.) (specify)

BIM user (YES/NO)

Numberof previous BIM projects worked on (if applicable)

Primary software application used

BIM -authoring software platform used (if applicable)

Autodesk Revit

Bentley Systems

Graphisoft ArchiCAD

Vectorworks

Digital Project

Autodesk ADT

Other (specify)

Analysis software package used (if applicable) (e.g. Ecotect, HAP) (specify)

Method of clash detection and/or coordination used (if applicable)

Use clash detection software (e.g. Navisworks, Solibri) (specify)

Use BIM-authoring functions/addns

Use digital file formats (PDF/DWF) (specify)

Use hard copy drawings for coordination

Project deliverables

BIM 3D models (RVT, IFC, etc.) (specify)

2D drawings in digital format (e.g. DWG) (specify)

Hard copy drawings
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7.2.1 Internal business value of BIM

In this survey topic by McGraw Hill (2009), the relative importance of internal
benefits for BIM users was under investigation. The suieys included issues such as
marketing new business to new clients, overall better construction project outcomes,
reduced errors and omissions in construction documents, offering new services, reducing
rework, maintaining repeat business with past diegbunger staff's learning of how
buildings go together is improved, reducing cycle time of specific workflows, reducing
overall project duration and construction cost, recruiting and retention of staff, increased
profits and fewer claims (table 7.2). finis particular survey, marketing and promoting
BIM-related services were among the top benefits reported. Productivity benefits such as
avoiding rework, omissions and errors at an early stage of design through virtual design
and construction preceded othbenefits related to reducing cost or saving time.
Interoperability and functionality limitations were seen as the biggest obstacle to improve

value.

Table 7.2. Relative importance of internal benefits for BIM users (after McGraw Hill,
2009)

RELATIVE IMPORTANCE OF INTERNAL BENEFITS FOR BIM USERS

Marketing new business to new clients

Overall better construction project outcomes

Reduced errors and omissions in construction documents

Offering new services

Reducing rework

Maintaining repeabusiness with past clients

Younger staff's learning of how buildings go together is improved

Reducing cycle time of specific workflows

Reducing overall project duration

Reduced construction cost

Increased profits

Recruiting and retention staff

Fewer claims/ligitation
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The items in this survey topic appeared to fall under four main categories:
profitability and business valueroductivity and efficiengylearning outcomesand
benefits for designn light of the findings of the dissertation study, proposed categories

and subcategories are illustrated in table 7.3.

Table 7.3. Relative importance of internal benefits for BIM users (proposed survey)

RELATIVE IMPORTANCE OF INTERNAL BENEFITS (proposed)

Profitability and Business Value

Marketing new business to new clients

Overall better construction project outcomes

Offering new services

Maintaining repeat business with past clients

Increased profits

Hiring minimum staff with maximum performance

Productivity and Efficiency

Reduced redesign

Early analysis feedback and detection of design problems

Reduced coordination time

Reducing cycle time of specific workflows

Reduced overall project duration and construction cost

Reduced print outs and hard copy drawings

Reduced work in representations external to the model

Reduced communication external to the model exchange

Tracking information along the course of the project

Completing more projects in less time

Using precedent information from previous projects

Fewer claims/ligitation

Learning outcomes

Gaining collective expertise in using the tools

Younger staff's learning of how buildings go together is improved

Better understanding of needs of other participants

Benefits for design

Enhanced conceptualization and perception of project

Handling more projects with complex geometry
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In the productivity and efficiency categqryhe following subcategories were
proposed as supplements to the existing survey:

Reduced redesigrthis refers to the amount of time that architects or consultants
can save by not having to go back and nsigeificant changes in the design as a result
of inconsistencies of communicating information to and from each other. These
inconsistencies can be due to software incompatibility or lack of mutual understanding of
what the teams require with no adequathovo up except in discrete phases of the
project.

Early analysis feedback and detection of design problghis refers to the
benefit of catching crucial problems in the design such as major conflicts with
mechanical or structural systems or major budgeterns early enough in the project to
avoid consequences or accumulation of error as a virtue of virtual design and
construction. Sharing a building model among all consultants does not necessarily
guarantee that the feedback from analysts takes plame e@arly stage, whether due to
lack of coordination or tool limitations, as shown in this study. It is necessary to
understand whether this is the case in other contexts of practice and what specific factors
in software development or social interactiae dikely to or is expected to affect the
nature of the design and analysis feedback process.

Reduced coordination timethis refers to the effective coordination process
between architects and-house or external consultants. Coordination and conflic
resolution can take different forms and can be either in the form of methods dictated by
the tool or through strategies agreed upon by the parties sharing the model. It is important
to realize which methods are seen to be more efficient in terms oficatiwd time for
each of the participants in the different organizations. For instance, if most project
architects see reduced coordination time as one of the top relatively important BIM
benefits and they use DWF files for coordination and not confligction software like

Navisworks, then that speaks to the advantage of one method over the other in terms of
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reduced coordination but does not necessarily guarantee for example reliabtecotr
coordination and resolution of conflicts. This survey itélen has to be triangulated with
other items related to coordination and with the same participants to achieve a
comprehensive description of the coordination component of the survey.

Reduced work in representations external to the motles refers tothe
efficiency of the BIM model in encompassing the mechanisms and workflow procedures
sufficient to express, conceptualize and externalize design ideas and design information
to other participants sharing the model. The assumption is that more and o ren
representations that are not inherently integrated in the model such as freehand sketches
and drawings renders the BIM model as being used solely eseantionrmedium rather
than adesign thinkingnedium. This could result in inconsistencieseve the full record
of design decisions and history does not lie entirely within the shared repository but in
scattered representations that are not accounted for internally in the model. Results from
different participants may vary significantly amongrtggpants. Ranking this survey
item as relatively important indicates the importance of representing and modeling a
considerable amount of design elements within the model, while the opposite indicates
the necessity of external representations and dewmglopterfaces between both
representations for a smooth and flexible workflow.

Reduced communication external to the model exchatige refers to the
efficiency of the BIM model in terms of conveying the required information to
participants sharing theodel. Reporting this survey item as relatively important denotes
implicitly a high level of confidence with the model information, geometry and modeling
activities by the participants without having to confirm with others sharing the model
using auxiliay channels of communication.

Tracking information along the course of the projethis refers to the
consistency in representing model information, whether through participant input or tool

incompatibility at different levels of detail, such that astdyand consultants can follow
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the progress and development of design elements along design phases. For instance, if
most cost estimators report both this survey item and the reduced communication item as
relatively important as benefit, then that couldigate potentially a disconnect between
the architect and the estimator with respect to keeping track of design changes affecting
cost. Triangulation with other survey items will add more detail to the reasons behind the
disconnect in terms of tool develment or social interaction.
In thelearning outcomes categqrihe following subcategories were proposed:
Gaining collective expertise in using the tootkis refers to the mutual and
accumulated learning experience that is built up during social ittareand augmented
through technical support within and across organizations. Reporting this survey item as
relatively important indicates effective collaboration among participants and potentially
collective brokeringwhere most participants contribute tesolving tensions between
those sharing the model especially with respect to the tool learning experience.
Better understanding of needs of other participattigs refers to the role of the
BIM model in augmenting the learning experience of particgpamith respect to
recognizing the information needs of others sharing the model. Reporting this survey
item as relatively important indicates a potential role of the shared BIM model as
boundary object, where the model contributes positively to alignffeyeint perspectives
and building bridges across different communities of practice to better understand what
each community requires and avoid misinterpretation of communicated information.
In thebenefits for design categqrthe following subcategoriegere proposed:
Enhanced conceptualization and perception of the projed refers to the role
of the BIM model in advancing the participants’ ability to perceive and reflect on their
design ideas. It is necessary to understand how different particiggaig this survey
item, and which participants see the tool as an obstacle to conceptualization versus an

enabler of design thinking.
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Handling more projects with complex geomethis refers to the role of the BIM
model to manage unconventional buildiggometry (e.g. huge number of model
elements as in high rise buildings or urban scale sites, or free forms with highly complex
geometry or parametric functions). It is necessary to understand how different

participants perceive the importance of this lemge to BIMauthoring tools.

7.2.2 Top ways to improve value of BIM

The survey items for this topic included issues such as improved functionality and
interoperability, more clearly defined deliverables, more internal staff, firms and entry
level staff wih BIM skills, more owners asking for BIM, reduced cost of BIM software,
more readily available training in BIM, the willingness of authorities having jurisdiction
to accept models as deliverables, and more use of contracts to support BIM and
collaboration(table 7.4). In this particular survey, software related issues including better
interoperability between applications and better functionality were on top of the list,

including users from most disciplines and both experts and novices as well.

Table 7.4 Top ways to improve value of BIM (after McGraw Hill, 2009)

TOP WAYS TO IMPROVE VALUE OF BIM

Improved interoperability between software applications

Improved functionality of BIM software

More clearly defined BIM deliverables between parties

More internal staff with BIM skills

More owners asking for BIM

More external firms with BIM skills

More 3D building product manufacturspecific content

More use of contracts to support BIM and collaboration

More incoming entryjlevel staff withBIM skills

Willingness of authorities having jurisdiction to accept models

Reduced cost of BIM software

More readily available training in BIM

Integration of BIM data with mobile devices/applications

More readily available outsourced modelsgyvices
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The items in this survey topic appeared to fall under four main categories:
improved interoperabilityimproved functionality and interfaceontractual agreements
and method of delivepyndskills and training(table 7.5)Improved modelingvas added
as another category based on the dissertation study. Overall, the categories discuss issues

in software development, regulatory procedures, and improvements in the workplace.

Table 7.5. Top ways to improve value of BIM (proposed survey)

TOP WAYS TO IMPROVE VALUE OF BIM (proposed)

Improved Modeling

Specific standards to regulate modeling procedures in BIM tools

Unified convention systems for BIM tools

Devising software to check BIM models for correctness and completeness

Defining modeling level of detail standards per design phase

Improved Interoperability

Uy

Improving translation capabilities between tools from different BIM vendor

Improving translation capabilities between modeling and analysis tools

More BIM-specific follow up meetings between teams to discuss requirements

Improved functionality and interface

Incorporating sketching interfaces in BIM tools

Flexibility in modeling commands and methods

Less front end setup and parameter input

Contractual agreements and method of delivery

More owners asking for BIM

Willingness of authorities having jurisdiction to accept and check models

More clearly defined BIM deliverables between parties for each phase

More use of contracts to support BIM and collaboration

Model submission in platforAimdependent neutral file format

Skills and Training

More internal staff with BIM skills

More external firms with BIM skills

More readily available and directed training by BIM managers

More incoming entnfevel staff with BIM skills

Documenting project specific experience with BIM tools for reference

Reduced cost of BIM software
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Theimproved modelingategory was seen as essential to integrate, as it discusses
regulatory procedures to guarantee correct and complete moxagiesed subcategories
include the following:

Specific standards to regulate modeling procedures in BIM :tabis refers to
organizations devising standards for modeling methods and procedure®srfect
modeling among its participants or participantsaobther organization. Firms may
devise standards for using specific templates and libraries, or following specific modeling
functionalities and procedures within the Bithoring tool for all projects, per project
type or according to the standards oé ttlient, contractor or another consultant. The
purpose is to avoid unintended modeling errors that may lead to misinterpretation of
information by other participants sharing the model.

Unified convention systems for BIM tadikis refers to the effortfaeveloping a
consistent and coherent set of conventions (with respect to names of spaces, types of
doors and windows, manufacturer data for engineering models, etc.) among participants
sharing the model, primarily architects and consultants, to mattiaisemantic integrity
of the model information throughout the phases of a given project. Reporting this survey
item as one of the top ways to improve BIM value for most participants implies the need
for this consistency in order to resolve any confliatsnisinterpretations resulting from
using multiple convention systems.

Devising software to check BIM models for correctness and completehisss
refers to the effort of clients, BIM software vendors or other organizations interested in
developing BIM sandards to put together intermediary software that ensures that BIM
models are modeled correctly for specific operations throughout the phases of a project,
for internal use that provides continuous feedback within the firm, for use with other
domainspecfic analysis packages, or to satisfy standards required by specific

organizations.
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Defining modeling level of detail standards per design phasis refers to
standardizing the requirements of model submission at each phase of a given project
among most oall participants (e.g. a massing model with basic nhames of spaces and no
details required concerning door type or internal walls in the schematic design phase). A
clear and more detailed definition of these requirements for all participants can
potentialy reduce the misunderstanding concerning what information is modeled by
participants based on conscious decisions versus what is assumed by others sharing the
model based on expertise or miscommunication of the reasoning behind those decisions.

Proposed subcategories forproved interoperabilitynclude the following:

Improving translation capabilities between tools from different BIM vendbis
refers to the development needed to reduce the incompatibilities between software
applications fron different vendors, especially in those conditions where it is likely that
those applications frequentiglk together. For instance, in the SG project, (S2) preferred
and was more comfortable with using Bentley’'s RAM Structural Systems, rather than an
Autodesk product, while using Autodesk’s Revit Structure as a modeling tool. In this
survey topic, it is important to observe, in addition to the importance of this topic, the
BIM -authoring tools and the analysis tools that the different participants psefer to
use. This will give an indication as to which applications belonging to different vendors
are more likely to be used by those participants and which are less priority items.

Improving translation capabilities between modeling and analysis this
refers to the development needed to reduce the incompatibilities between modeling and
analysis tools by enhancing the translation capabilities in the exchange formats, reducing
the limitations of BIMauthoring tools with respect to modeling errors and
inconsistencies, and establishing standard conventions to be used by bedltBtving
and analysis tools, or possibly integrating modeling and analysis functionalities in a

single platform.
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More BIM-specific follow up meetings between teams to disceggirements
this refers to the social interaction component, where the purpose is to identify whether
more physical meetings are required between designers, or designers and consultants,
solely dedicated to discussing interoperability issues and devglapinkarounds or
internal mechanisms to overcome existing incompatibilities. The “Revit round table” in
the SG project is an example of such an effort.

Proposed subcategories fomproved tool functionality and interfadgeclude the
following:

Incorporating sketching interfaces in BIM toolthis refers to the importance of
incorporating more user friendly interfaces in BAJthoring tools and how the flexible
sketching medium can be linked to the modeling and analysis pipeline in those tools,
especially m early stages of design. In the SG project, (A4) called for more flexibility in
accepting any type of representation that the designer is comfortable with and resolving
the integration with modeling and analysis functionalities. Others like (Al) wasntonte
with the schematic design component of the Bivhoring tool and felt it was sufficient
to represent his design ideas at this stage of design. It is important to distinguish how
relevant this survey topic is among different types of participants, spetially within
the architectural community, for example between interns and architects.

Flexibility in modeling commands and methotlss refers to the effort required
to facilitate the use of functionalities and modeling methods such that therdfarendi
paths that participants can follow for modeling elements without being constrained by the
methods imposed on them by the tool. A number of participants in the SG project pointed
out the frustration with the rigidity and omeay structure of commasdthat the tool
forces them to use with no room for “improvisation”. Others who were more experienced
could use the tool functionalities efficiently and build their process ahead based upon the
constraints of those functionalities. It is necessary to iijawhether this is valid for the

larger population as well, and what it means for different groups of participants.
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Less front end setup and parameter inghis refers to the effort done to reduce
the amount of setup needed beforehand in the-&likhorng tool to define information
at a level of detail that cannot be reached at early stages of design. Defining many
parameters with often too much detail forces participants to input information that they
may have not consciously meant or studied suffigrent

Proposed and modified subcategoriesdontractual agreements and method of
deliveryinclude the following:

More clearly defined deliverables between parties for each phbhserefers to
the concrete definition of deliverables and methods of dglieéthe BIM model. The
modification to the original survey topic incorporates defining these deliverables for each
design phase in order to establish a norm for modeling work and level of detail for each
specific phase. Rather than defining only a firainfat that many participants may
overlook, working with a defined standard for each phase allows them to adjust
accordingly at a relatively earlier stage and establish a more coordinated mechanism of
interaction with other participants.

Willingness of autbrities having jurisdiction to accept and check modétss
refers to owners and client organizations ready to accept BIM models as an official
method of delivery and take the necessary procedures to make that happen. The
modification to the original suey topic incorporates checking those models for
consistency and conformance with desired standards such as building codes, design
guides, or other requirements and rules specified by the client organization. This entails
that these organizations, in coog@n with software developers and research
institutions, establish clear and well defined methods for this checking procedure and
dictate the necessary standards and conventions for the guidance and use of all
participants. It is necessary to explore hmmner and client organizations respond to this

survey topic to understand the validity of this step, as it defines many of the other topics
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such as developing regulatory standards and unified conventions, and will help push the
standardization effort stef@rward for firms to follow.

Model submissions in platformdependent neutral file formathis refers to the
clear definition of what delivery as BIM model implies. Submitting files in their native
format from Autodesk or Bentley products for exampda cause inconsistencies for
client or owner authorities accepting models as deliverables. Neutral formats like IFC
allow a platformindependent medium that enables consistent viewing and checking of
models against the required regulations. Firms must ladsavilling to submit such
formats and will require a lot of work from BIM managers and technical support to
ensure the efficiency of the process. It is necessary to understand how owners, architects,
engineers and contractors respond to this survey togstablish concurrence.

Proposed and modified subcategoriesskalls and traininginclude the following:

More readily available and directed training by BIM managelss refers to the
necessary training effort within firms and other organizationg Modification to the
original survey topic incorporates directed training by BIM managers or other IT experts
that addresses specific problems or approaches from previous experience. Some
participants in the SG project highlighted the deficiencies intiagisRevit training
classes for example in addressing workarounds and tips to achieve correct modeling or
better coordination, where the core goal lies in conventional teaching of the tool
functionalities and commands.

Documenting project specific exjpance with BIM tools for referencehis refers
to the effort of documenting precedent cases of BIM projects or collective team history
for future use. This can be highly relevant for architects and engineers for example by
using preset templates or libies developed in previous projects, and for analysts by
using accumulated databases of formulas and calculation methods. It is necessary to

understand how different participants perceive this survey topic.
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7.2.3 Impact of project factors on BIM value

The survey items for this topic included issues such as-Bibledgeable
design professionals, companies, clients and fabricators on the project, interoperability
between software applications, project complexity, size, schedule and budget, previous
experiece working with other companies on the project, collocation of team members
from multiple companies, and contract form that is supportive of BIM and collaboration
(table 7.6). In this particular survey, interoperability and having -BHdwledgeable
desigrers on the project were seen as having the highest impact on BIM success and

value on a given project.

Table 7.6. Impact of project factors on BIM value (after McGraw Hill, 2009)

IMPACT OF PROJECT FACTORS ON BIM VALUE

BIM-knowledgeable desigorofessionals on the project

Interoperability between software applications used by team members

Project complexity

Number of BIMknowledgeable companies on the project

Contract form that is supportive of BIM and/or collaboration

Projectschedule

Previous experience working with other companies on the project

BIM-knowledgeable fabricators on the project

Project size

Project budget

BIM-knowledgeable client

Collocation of team members from multiple companies

The items in this survey topic appeared to fall under five main categonigsct
specific detailsparticipants with prior BIM experien¢erevious collaboration between
participants interoperability, and physical and virtual communicationThe propose
categories and subcategories are illustrated in table 7.7. Another category was added

based on the dissertation study which wasonal experience with BIM tools
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Table 7.7. Impact of project factors on BIM value (proposed survey)

IMPACT OF PROJECT FACTORS ON BIM VALUE (proposed)

Project-specific Details

Project size

Project budget

Project complexity

Project focus

Participants with Prior BIM Experience

BIM-knowledgeable design professionals on the project

Number of BIMknowledgeable companies on the project

BIM-knowledgeable fabricators on the project

BIM-knowledgeable client

Technical support for the project

Personal Experience with BIM Tools

Progress in learning the tool

Level of comfort and confidence with BHduthoring tools

Trusting the automatic extraction of data and output of analysis results

Previous Collaboration between Participants

Previous collaboration between participants across organizations

Previous collaboration between Bikhowledgeable participants across orgs,

Previous collaboration between participants in an organization

Previous collaboration between Bikhowledgeable participants in an org.

Interoperability

Interoperability between software tools used by members of the same org

Interoperability between software tools used by members of different orgs

Physical and Virtual Communication

Collocation of team members from multiple companies

Frequent meetings (weekly/inieekly) between all participating companies

Coordinating project issues using the virtual BIM model

The personal experience with BIM toolsategory was seen as essential to
integrate in the survey, as it discusses the personal position of participants and their level
of confidence in BIM tools, results and automatic extraction of model data. Proposed

subcategories for personal experiencdn\BitM tools include the following:
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Progress in learning the toothis refers to the individual and collective learning
value that is built up during a given project, with the aid of BIM managers, IT support or
simply interacting and exchanging experienceith other participants. The built up
expertise during this process introduces an added value to not only the project in hand but
also for future projects, for the organization at large, for marketing purposes and getting
new projects for the organizatioln the SG project, (A4) reported she did not make the
utmost out of the learning experience as expected and therefore may be reluctant to use
the tool or be relied on as an asset in subsequent projects. It is necessary to understand
how different partigpants perceive this learning component, especially experienced
designers versus interns or less experienced designers for example.

Level of comfort and confidence with Bithoring tools this refers to the
personal preference of tools and the levetoinfort with using BIMauthoring tools.

Some participants in the SG project highlighted the difficulties experienced when using
some of the functionalities and capabilities of BIM tools. It is necessary to understand
how each of the participants, usingferent BIM-authoring tools, respond to this survey
item. This will not only address the individual discrepancies amongd&lt¥ioring tools,

but also narrows down the search for functionalities that are either frustrating or
satisfactory for different growpof participants.

Trusting the automatic extraction of data and output of analysis reshisrefers
to the level of confidence that participants experience with the outputs and results
generated by analysis packages. Having less confidence in tipsgsocand preferring to
establish custom built tools to suit individual needs may be more practical and reliable
during the process for some participants. Inconsistencies however may arise when trying
to incorporate those tools with the BIM modeling amalgsis packages. It is important
to understand which categories of participants have these preferences.

Proposed and modified subcategories forevious collaboration between

participantsinclude the following:

259



Previous collaboration between (Bikhowledjeable) participants within and
across organizationghis refers to the types of prior collaboration and work experience
that participants (within and across organizations) may have had with each other. This
was reported to have a positive effect on tloekilow and level of understanding among
those participants in the SG project. This is taken yet to another level when those
participants had previous collaboration on BIM projects and understand the details of
modeling and coordination. New experiencesraveeported to often slow down the
process. It is important to understand what each type of prior collaboration represents for
different participants. For instance, experienced BIM users who report previous
collaboration with BIMknowledgeable clients asating a highly positive impact on
BIM confirm the added value of prior experience in subsequent projects.

Proposed and modified subcategoriesifieeroperabilityinclude the following:

Interoperability between software tools used by members of the same
organization (and different organizationshis refers to the software development efforts
done to resolve incompatibility issues between applications that different participants use
(within and across organizations). It is important to understand howtikessategories
relate. If experienced BIM users for example report interoperability between tools used
by members of different organizations having a higher impact than those used by the
same organization, this potentially confirms that there are morélepns and
incompatibilities associated between BRUthoring and domaispecific analysis tools.

Proposed and modified subcategories fbwysical and virtual communication
include the following:

Frequent meetings between all participating companigss refers to the
importance of physical meetings of participants within one organization or across
organizations. This implicitly explores the effectiveness of the shared BIM model in
conveying the required information among participants. It is importamderatand how

participants perceive the relative relationship between the frequency of internal meetings
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with collocated participants (including -louse consultants) and meetings with
participants from other organizations. Some participants in the S@cprmgported
collocation as having a positive impact on collaboration and enhanced level of
understanding. Although (C1) had problems with communicating to the architectural
team and demanded meeting physically with the team, (C2) who was not collodated wi
the team seemed to have more problems and required much more questions through both
virtual and sometimes physical communication.

Coordinating project issues using the virtual BIM modelis refers to the
effectiveness of coordination and conflict region solely through the virtual BIM
model with minimum reliance on other forms of representation or other communication
channels. It is important to recognize how different participants and organizations
perceive the BIM model as the primary source obrdmation without the need to

augment the coordination effort.

Conclusion

Points to be considered when moving to other settings within the larger
population of AEC practices include project focus, size and complexity, type of firm,
number of BIM and noBIM participants, project deliverables, software version and
compatibility, modeling strategies of participants, communication channels and model
exchange mechanisms, and others. Parallels were drawn to these contexts based on
existing surveys and markegports related to productivity gains and internal benefits of
BIM. Proposed topics for integration in future AEC firm surveys focus on enforcing
modeling standards and regulations, clearly defined deliverable requirements, format and
modeling procedures peroject phase, enhancing learning outcomes, improving tool
interfaces to adapt to user preferences, improving interoperability between software
applications for both interdisciplinary and intradisciplinary interaction, and documenting

project specific eperiences with BIM for future reference.
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CHAPTER 8

CONCLUSIONS

8.1 Conclusions and Discussion

This dissertation presented an ethnographic study that was conducted with the aim
of understanding the affordances and limitations in current-&tisbledarchitectural
practice with respect to communicating design intent among AEC teams working in
interdisciplinary collaborative environmeniBo address this inquiryhe dissertation first
presented an overview of BIM and how design intent is seen to eEntymrepresented
and communicatedt alsoreviewed systems and approaches from studigse fields of
design cognition, design computing and engineerietpted to the capture and
representatio of design intent. Most ofhese studies fell short of st&ibing both how
social nteractionand representation of design information are enacted in BIM software
systems, and how AEC design teams use and interact with these systems and with each
other in BIM-enabled “communities of practice”. The dissertatioentlooked closely at
two aspects of BlMenabled architectural practicg) the abstract information exchange
mechanisms brought about by Bidlithoring tools and analysis tools to facilitate
collaboration and interaction, ar(@) the nature of social intaction, mechanisms of
knowledge construction, argumentation and negotiation within and across AEC teams.
The dissertation examined the gap between these two aspects with the purpose of
providing a thick description of BlMenabled practice environments apdbposing
recommendations with respect to both technology development and social practice.

The dissertation proposed that ethnographic observation and personas are well
suited as mixed methods to investigate the nature of communication of designrintent i

BIM-enabled practice, as seen in the-tlagay practices and interactions of participants
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and teamsrather than conducting quick surveys or case studiee dissertation then
dissected existinpypothetical models related the notion ofthe shared projeanodel
offered by BIM. Based on (1) the observations of the ethnographic study, (2) a pragmatic
reexamination of the different interfaces and boundary objects that axieng
participantsusing the shared building model, and (3) an exaiion of the study in
relation to a larger population of BHénabled contexts, the dissertation puts forward the
following findings. At the core of these findings and implications is the emergent theme
of in principle versus in practicadentified alongthe course of the observation. In line
with this central theme, each of the findings below highlights the hypothetical view
versus the pragmatic view, where theoretical claims about effective communication and
smooth flow of design information are informadd supplemented by observations from

social interactions in practice.

Scope of Communication: Extended Communities of Practice

According to the dissertation study, it was shown that the communication of
design intent in BlMenabled practice takes pla@ different levels and not just
interdsciplinary collaboration between AEC “typical users” or “typical disciplines” as
some theoretical models indicate. It rather extends to incdudbeoader spectrum of
individuals, communities and patterns of interactilndividuals, as shown in the study,
are not just members of a typical discipline, and sa@#reericarchitect, engineer, owner
or contractor is not necessarily tstandardunit of analysis when it comes to information
requirements, goals and metho@lke notion of a typical “user requirement”, exercised in
information delivery manuals and exchange requirement documents for BIM practices,
becomes disputed and open to interpretation. The scope of what defines a requirement is
then not solely dependent avhat a discipline would typically need as information or
what the conceptual framework of that discipline dictates. Instead, it embraces a richer

range according to the background, needs and goals of the participating individuals. This
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does not imply hoever an exhaustive tailoring of the model or its functionalities to the
individual needs of each and every participant, but rather realizing the diversity within
each discipline and recognizing a richer detail pertaining to groups of users with similar
gods, experiences, approaches and methods, and not just abstract entities. The personas
underscored in the dissertation study are only samples of many archetypes that could
exist in the AEC industry. These can be augmented through additional cases-of BIM
enadled environments or by means of the proposed survey.

It was also shown from the study that the observed patterns of interaction
included one or a combination of more than one of the following generic types of
interaction: interdisciplinary interactiongtween participants belonging to more than one
discipline), intradisciplinary interaction (between participants within one discipline), and
nondisciplinary interaction (between some participants that do not necessarily belong to
a specific discipline). Tére are yet more levels of interaction that emerged through the
different combinations of interaction and through sharing the BIM model as a central
repository among all participants. New intersecting and overlapping communities of
practice began to emergdong the course of the project, often temporarily in specific
segments and phases, as a result of both the common evolving interests among
participants and the shared boundary objects between them like the BIM model.

Primary communities of practice wetbe communities that appeared to be well
defined from the beginning of the project and more related to the disciplines of the
participating teams such as the architectural community, the structural community, the
MEP community, the civil and landscape commity, and the audigisual community.

The goal of these communities altogether was working collectively on the project in
hand. Within each community, the goal was pursuing the despenific component of

the project in general. Otheecondarycommunites of practice began to emerge. There
was an overlap between participants of these communities with the primary communities,

but they developed new specific goals and practices that were not originally intended
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beforehand. Some secondary communities afciime emerged for the purpose of
discussing design problems of interest, such as the community developed between (A4),
(L2) and some concrete manufacturers to discuss outdoor concrete structures, or between
(A2) and (S1) to discuss exterior cladding, @atvieen (A3), (M2) and the lighting
manufacturers to discuss lighting in laboratories. In some other cases, secondary
communities emerged for the purpose of technology development and advancing the
workflow, such as the community developed between (Al)) @M (C1) to address
inconsistencies with the information flow from the architects to the cost estimator and
vice versa and develop better exchange mechanisms using the shared BIM model. These
secondary communities of practice did not necessarily invedv&cipants working on

the project. (A3) for example, together with (B2) and one of the designers who had
worked with (A3) on previous jobs, were part of another secondary community of
practice focused around resolving problems with Revit functionaltieswere related to

her work in interior design.

The aforementioned implies that a wider spectrum of actors, patterns of
interaction and communities of practice (with diversity in background and expertise,
goals, needs, motivations and expectations) shbalconsidered while designing BIM
tools for a moreeffective method of communicating design intent among different
participants. For software developers and researchers, this is significant, as the notion of
the generic user requirement needs to be aotgde To achieve such an effective
method, associations tgpical userstypical disciplinesandtypical interactionsshould
be revisited and expanded. These include typical associations related to generic
capabilities for individual users only, such aargmetric flexibility, visualization
capabilities and tracking of information, associations related to discipline specific
requirements and tasks only, such as extracting analysis data and coordinating
engineering models, or associations related to irgeilinary interaction only, such as

conflict resolution and sharing model information.
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Mechanisms of Information Exchange

According to the dissertation study, the BIM mod#eérs a shared repository for
communicating intent among different participatisough the process of exchanging
data.In principle, the model carriegall the required parameters, attributes and design
information that describe the design product and convey the intent of the partidipants.
practice however, it was shown that the abstract process of data exchange is not
sufficient. An understanding of the dynamic roles and tasks of these participants during
their interaction was required, and not only in terms of their background, experience and
goak as per the persona descriptibhe dissertation identified three types of participants
whose rols were interchangeable throughout the project: thaters, readers and
brokers It was shown thathese roles, added to the role of the BIM model, varaed f
each type of interaction and for each of the primary and secondary communities of
practice identified in the context of study.

In the first type of interaction(interdisciplinary interaction between primary
communities of practice), the BIM model wadlze core of the interface between most of
the teams, especially in the design development and construction documents phases.
Interpreting andeadinginformation from the model was a major component of this type
of interaction. Although two teams (ciahd audievisual) did not contribute to the BIM
model, they were actively involved asstreaders. In other words, they were mnoiters
to the model through modeling xgtadersof the modeled data for their internal use. The
rest of the participants wercontinuously involved in one way or another; writing to and
reading from the model. This was not enough however for a comprehensive
understanding of all the exchanged information. Many parts of the “story” were
overlooked upon these exchanges. For im&amwhat an architect writes to a cost
estimator through the model may seem sufficient to the architect, but the estimator has to
yet go through a tedious processreading which involves understanding what that

information meansyerifyingwith the archiect if his perception matched the intent, and
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translating what that implies to both communities of practice. In this example, the
estimator, being an inexperienced BIM user, does not write back using the BIM model
but either meets with the architect oks$or clarification, and then proposes suggestions
verbally or using another form of representation (e.g. spreadsheets). Brokers, such as the
project manager or BIM manager, intervene to resolve design issues or tool
incompatibility issues that could féitate the communication and allofer a reading

writing procesghat could describthe exchanged informatianore accurately

The complexity of this type of interaction is that the architecexample while
updating the BIM model, does not wribaly to the estimator, but to all readers who are
sharing the model. These readers may be experienced or inexperienced BIM users,
collocated or noftollocated participants. Their interpretation of the information can be
completely different, and their react®mre expected to vary. Even experienced BIM
users can overlook some of the information in the model, go through the tedious reading
process, andf not aided by a broker or did not verify the exchanged,daty write
back information based on mere imegtation, which can lead to accumulation of error.

In thesecond type of interactiqimtradisciplinary interaction within each primary
community of practice), the BIM model represented most teams the final stage of a
processwritten internally withineach team in preparation for sharingvith other teams
For some team# was at the core of the interaction and for othérsvas justat the
periphery For the architectural team for instance, the model was at the core of interaction
often as a sharedsualization andhinking space. Foothers such as MEP and structural,
it was more of a medium that encompassed the outcome of all the internal calculations
and thinking within other analysis topland so thenalysis packagefer themwere at
the center of attention and the model was at the periphery.

Most of the participants within each community weeaders whereas a few
werewriting to the model and exchanging ideas both with theiwodkers and with the

other communities. In the architectutaam, most of the participants were engaged in
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writing to the model in one way or another. This included using the-&lkhoring tool

or other forms of representation such as sketching. This resulted in that most readers were
simultaneously engaging imse form ofindirect writingto the BIM model; also valid in

other teams where CAD drawings, domapecific analysis models and verbal
communication were all forms of writing indirectly to the model. The jobrokersin

this case was to make sure thagre was minimum miscommunication in this indirect
writing between participants within teams. (A2) for example intervened to resolve the
misalignments between (Al) and (A4) in their perception of the BIM model and what it
represented for them in the bramsning sessions and early design decision making
phases. (P1) on the other hand encouraged (A4) to get more involved in modeling, as
opposed to just sketching, to help reduce the problem of multiple interpretations coming
from different sources and repeggations.

In the third type of interactior{interaction within each secondary community of
practice), the BIM model was not necessarily always at the core of interaction. This type
of interaction represented a subset of interdisciplinary or intradisgiglinteraction, but
the boundary objecin this case was not restrictedly to the shared BIM modeand
included analysis models, spreadsheets, and drawings. Asseémsedarycommunities
were formed along the progression of the project, they compnsg@ddual participants
representing different communities of practice and overlaps in these communities. At
least one participant in each new formed community actedbaskar between two or
more participants from different communities of practice. Emample, (B1) was in
charge of resolving the conflicts between (Al) and (Cl) to develop a reliable cost
estimate that makes utmost use of the information both parties had by aligning (Al)’'s
writing with (C1)’'sreadingof that information. He establisheddatabase that addresses
the conventions they agreed on and suits the new platform they were going to use in
subsequent projects. (A2) and (S1) both acted as brokers in charge of resolving

architectural and structural clashes in the model that (Al) and\®# and developed
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together. As inexperienced BIM users, (A2) and (S1) both had theireading of the
model. Through their meetings, which were over hard copy drawings, they conveyed
their suggestions and views to resolve the issues to both (Alpanddparately.

In the fourth type of interaction(nondisciplinary interaction), this was
represented primarily between the architects and the client. In this type of interaction, the
BIM model was rarely at the core of interaction, as the method ofedglwas 2D
drawings. Thenterpretation of client requirements through verbal communication and
imagery was at the center of communication between the client, the principal architect
and other architects in the team. #emders participants in the arcleictural team were
often receiving mixed messages due to the ambiguity of requirements. At the same time,
and as the deliverables were in the form of 2D drawings, the clieaadsrwas always
getting a subset of the information from the model. (P1) dlare important brokering
role in interpreting the client requirements as much as possible for the rest of the team to
ensure all were on the same level of understanding and that the team could successfully
translate those requirements in the model.

In all these types of interaction and for each design phase, the BIM model
represented a different and changing form dbcundary object In interdisciplinary
interactions, the model was considered superfluous by most participants as a shared
medium in the eayl schematic design phase. With the development of phases and with
the continuous mix of interpretation and action, the BIM model began to acquire its
meaningas an artifact for all participants sharing it. In the construction documents phase,
it representé a “nexus of perspectives” for most participants. In intradisciplinary
interactions, the BIM model was more of a smihtained object, especially in schematic
design. It represented a repository that just documented an external design thinking
process rgulting from brainstorming sessions and design meetings. In later phases, the
model became more of a shared thinking space. There was less effort in aligning

misinterpretations and resolving inconsistencies, but only a few participants were actually
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writing to the model, or translating the collective thought process into modeling
procedures. Interactions within secondary communities of practice were often temporary
interactions that emerged due to a certain need recognized by a group of participants from
different disciplines. Some interactions did not even involve the BIM model at the center
of the negotiation process between participants. Those involving the model were
characterized by continuous and gradual -giadtake interactions that were facilitated

by brokering. In no+disciplinary interactions, there was more interpretation involved
than action. Abstractions of the model were at the core of the interaction rather than a full
and rich representation that could bridge the gap between the particyemspectives.

In each of these types of interaction, participantsragginciple just exchanging
information in the form of attributes, parameters and other geometric and semantic model
data.In practice this is augmented by activities that stem from social interaction and
mutual recognition among participants, suchwating to the model,writing for other
participants, reading into the model, reading of the model, andbrokering These
activities are at standard but vary depending on the participants’ experience,
backgrounds and goals, and on the level of understanding of other participants’ needs.
They can yet vary in other contexts, where different settings, team structure, type of tools,
scale of fim and other factors come into play. This implies that mechanisms of exchange
in BIM tools should not only consider the abstract input of data from all participating
parties or embedding of geometric and semantic data from generic entities, but take into
consideration the social communication and conversation that takes place between
different personas in each of the identified communities. The endoenatedhe process
of data import and export becomes and the more complex the model is, the lessiskely it
that participants are aware of all design decisions or of any misinterpreted or lost
information. Conflict detection, model checking and-phecking methods often only

add more automation and inhibit human intervention.
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Affordances and Limitations

The dissertation showed that the affordances related to communicating design
intent in BIM-enabled contexts highlighted affordances with respect to the tool and others
related to the collaboration among participants. On the other hand, limitations were
shown to include primarily the cost of the tool for participants, the cost of the tool for
teams, and the incompatibility among different tools upon interaction. Both the
affordances and limitations varied however with regards to each of the patterns of
interaction identified in the dissertation study. In the interdisciplinary interaction between
primary communities of practice, tH&IM model represented a shared repository of
project information and its main affordancesre related tacollaborationaffordance
between the teamssuch asconflict resolution and the coordination of information.
Limitations specific to this type of interaction were related to tool functionality problems
that allowed for decisionsiot necessarily intended by participantsteropeability
problems that led to data loss or misrepresentagindregulatory problems such as the
lack of clear modeling standards and conventions to follow consistently for all
participants Other problemswere related to social communication such as iieed to
recognize the exact needs of other participants, and the continuous need for
supplementary means of communication to confirm the validity of the exahaiade,
represent the underlying assumptions and consequently convey the intent of the designer
to other participants and vice versa.

In the intradisciplinary interaction within each primary community of practice, the
main identified affordances were the parametric flexibility related to continuous design
and modification activities, the capacity tosualize building model elements and
navigate in 3D spacayorkflow efficiency, geometric precision within one given model,
and the extraction of useful informati@ff of the modelin terms of cost, performance
and schedulingThe architectural team e=pally pointed out some additional benefits

such as the capacity of the model to aid development of design alternatives, and the
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ability to track information throughout the design phakésitations specific to this type

of interaction were related to @hcognitive burden that participants experiehedile

using the model, the cost associated with embedding too much information in the model
and being forced to make design decisions at very early phases, incorrect modeling due to
inexperience, incompatiliies between modeling and analysis tools, and forcing all
teams to extensively model their building elements in 3D. The architectural team
highlighted additional issues as limitations, such as the need for forms of representation
other than the model tconvey information internally within the team, and the need to
communicate with other participants within the team and not rely solely on information
extracted from the model. Issues such as status within the team, peer pressure, expertise
and the persongreference of tools often led to conflicts or a state of disconnect among
team members.

In the interactions within each secondary community of practice, one of the main
affordances was the alignment and resolution of conflicting views and multiple
interpretations through both social interaction and technology development, with brokers
being at the core of this alignment effort. At the same time, the brokers’ expertise,
previous work and collaboration experience with participants and personal pceferfe
tools and methods, all had a major role in redefining their role as beneficial or just adding
more conflicts and limitations. In the naiisciplinary interactionsssues that represented
major limitations included status and system of authoritg, @mbiguity of client
requirements and the need for multiple and alternative interpretations. As the BIM model
was not essential in this type of interaction, there were missed opportunities that could
have allowed for a better understanding for the cletdste and conversely as well in
terms of getting informed feedback from the client regarding the progress of the project
and its conformance with the requirements.

The dissertation also showed another major observation regarding affordances

and limitatims. Some of the identified categories represented a total fit as an affordance
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(such as visualization capabilities) or a limitation (such as incompatibility among BIM
tools). Some categories however did not fit entirely into a genuine advantage or genuine
disadvantage, but rather a mix of both with relative weights depending on the
participants, the used tools, and the phase of the project. As a first example, “conflict
detection and resolution” was mainly seen as an affordance with respect to collaboration
among participants and teams. On the other hand, the mechanisms of conflict detection as
seen in dayo-day practices were shown to exhibit both gains and drawbacks. Gains
included resolving conflicts between different model elements and tracking chémges.
principle, conflict detection and resolution methods were assumed to redbligsues
and conflicts among participants. This was not necessarily theircgsactice where
there was a need among different participants for additional channels of communication
external to the model to account for misinterpreted data or actions during the conflict
checking process. Although this was considered as a drawback, it gaerveaypther
added value, which was tlsecial glueenabled by the tool. The automated and seamless
detection and resolution of conflicts among different participantwhich was the
expected valuén principle — was not fully attained, but the fact th&bse participants
came together or communicated to discuss specific issues was an addeéud paagce

This social glue, which was enabledthg multiple and intersecting communities
of practice involved in this study, allowed for an augmented sehgmrticipation
embodied in the members of these communities (Wenger, 1998). Conflict detection and
resolution in this case allowed for new experiences and active engagement in social
enterprises through a process of constant negotiation, reconcilatidmevelopment of
workarounds in situ. As some participants indicated, if the BIM model forced them just to
come together to discuss the issues, without havinguadomaticor magical way to
resolve them, that was sufficient at least to draw their atenget them to engage in
discussions with multiple communities accordingly, and realize the mutuality of their

participation. There was therefore a sense of action and conneuattinmembership,
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and mutual recognition that developed between partitspahdifferent status and who
belonged to different communities.

As a second example, “incomplete information from the tool” was mainly seen as
a limitation. On the other hand, it was seen to exhibit both drawbacks and gains in the
context of dayto-day practices. Drawbacks included misrepresented or lost data among
participants.In principle, completely represented model data guarantees an efficient
representation of design information and workflow among multiple participants. This was
not necessarily @ casein practice Although complete geometric and semantic
information was needed by most participants, there was an implicit need for having
enough space to interpret that information and make meaning out of it. In other words,
this ambiguity was stilvaluable in overcoming the overwhelming sense of automation in
data exchange mechanisms. This gave way for yet another addedhvalaetice where
participants got together, aided by brokers, to discuss ways to align their perspectives
concerning the eohanged information through mutual understanding of their needs.
However, a lot of interpretation and misalignment resulting from complexitypoh
functionalities and interoperability problems was identified between participants in most
types of interagdbn. The BIM model in this case provided a level of ambiguity that
allowed for incompatible assumptions and miscommunication more than it allowed for
accommodation of multiple perspectives. While the model as an artifact should amplify
the effects of the aivities it reifiesin principle while renderingthem seamlessthose
activities introduced only more complexity and ambiguity in several instances and in
most types of interactioim practice Through the blind successiontobl commands and
the accumudtion of activities of interpretation and translation during model exchange,
some of the intentions and meaningwplied by participantavere often concealed by

those activities
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Design Intent and Model Completeness and Correctness

The dissertation studgemonstratedhat the BIM model can capture and convey
some aspects of the designer’s intention or critical design knowledge constructed in
collaborative practice while it cannot communicate othkrsvas also shown that the
correctnes, completeness and level of detail of the BIM model were one of the major
factors in conveying the intent of the designer and communicating design information to
multiple participantslt is often assumedah principle that this communication cannot be
faclitated to the fullest unless AEC participants work on building a full virtual 3D model
such that all model elements are represented and all the information and associated
attributes are exchanged among all participants simultaneously and seamlessly from
schematic design and till the construction of the build@itallengesvere introducedo
the classical notion of the shared project model thah principle — refutes any
information chaos among participants and disciplines and their cordisgon
perspetives and arguments based on toenpleteand correct definition of geometric
and semantic properties of BIM model elememgsracticehowever, it was shown that
many other factors define model correctness and completeness, syehrtiepant
inexperience in modeling procedures, tool functionality and interoperability limitations,
the lack of clear modeling and regulatory standards, and the need for supplementary
communication and representation of information.

By revisiting the BIM model as a shareapository with sophisticated
communication accuracies and efficienciasprinciple, different statesof the model
were identified that describe how effective the BIM model was in conveying and
capturing the intent of participants practice These statesnderscored issues such as
the potentially unconscious design decisions imposed by the rigid structure of BIM tools,
the incorrect modeling of building elements due to inexperience with tools, the loss or
misrepresentation of information among particigadtie to incompatibilities between

tools and interoperability problems, the lack of standard conventions for building
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elements that facilitate understanding the information needs of other participants, the
partial representation of building model elemefds the purpose of efficiency and
reduction of modeling load, the ruling out of some of the underlying assumptions
embedded within modeling or analysis tools, the required channels of communication
external to the process of model exchange, and the neddrifos of representation to
supplement the BIM model for better conceptualization. As these states could vary across
other contexts of study, the dissertation outlined the assumptions central to the study,
including the type of firm under study, the pjéocus, size and complexity, the number

of BIM and nonBIM participants, the methods of project delivery, the Bdlhthoring

and analysis software version used, the modeling strategies of participants and their roles
in the project, and the different commcation channels and model exchange
mechanisms employed.

It was shown that these states of the model, as well as the intent of the model,
modeling phases, and level of detail of modeling are more significant in demonstrating
how efficient a BIM model isn practice rather than just creating a model where all
building model elements are fully represented in Bldan be argued that the BIM model
productyet remainssimilar to 2D intent drawings as long @soject deliverables aneot
3D mode$, while thegoal was to embed design information iatshared repository that
resembles the exact building to be constructed, only virtually. This may be true when the
model represents building model elements only partially or symbolically as was the case
in some intances of the SG project or when participants do not all actually share the BIM
model and work on different and custom built tools. But even if that is the case and a
model wasrepresented in 3o the fullest possible detaknd dismissing the fact that
most participants have preferred to avoid the exhaustive effort and cost of modeling
completely in 3D to the nutgndbolts level of detail, does thatodelguarantee a true

representation and capture of design intemtractice?
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One can argue that no single tool, platform or any form of representation or
abstraction can fully capture the intentions and practices in a given context that it
contribute to in terms of expression of meaning and knowledge construction. In fact, in
the ontext of reification, a tool tends to transform issues related to expertise,
motivations, goals, thoughts, and social practices into rigid and abstract forms and
artifacts. In the BIM model, this translates to a complex structure and mesh of
conventions, input parameters, attributes, fields, model elements and many other
geometric and semantic entities. What then should be embedded in an artifact that is
sought to represent and resolve the conflicting intents of different participants in a
context of socibpractice and continuous negotiation of meaning and construction of
knowledge? And why is it even critical that intent is captured if social communication is
an incomparable channel that is always there inevitably to resolve those coffflibes?

BIM model could not necessarily convey the intent of multiple participants and their
design activitiesn practice and if the transferred design information was often shown to
hold different interpretations, is it more important to integrate and enhance social
communication aspects in BIM tools or adapt practices to current tools?

The key to answering such questions is not any different from the conventional
dialectic of whether tool design comes first as a priority to enable and facilitate practice
or whether pactices should undertake necessary changes to match the existing tools.
Here, persona description becomes inevitable to inform and enlighten the tool design
process and broaden the landscape of “nebulous users” to realize and include “members”
of the different aforementioned communities of practice who are primarily involved in
practices ofdesignand participation, and not justise Basic drivers of tool design then
would favor issues such as understanding the practices of members and multi
membership, fiking the different types of primary, secondary and any emerging
communities involved, and designing for the boundaries between readers, writers and

brokers, rather than designing for just interdisciplinary collaboration between fixed
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disciplines of the AE industry. On the other hand, existing tools reflect yet another dual
relationship between heuristics, rule of thumb, and normative design on the one hand, and
automation and mechanization on the other. Understood in the context of the latter
moving intogradually replacing the former which was seen as inapt for current practices
and complex designs, this transition (to BIM) has come with its own challenges and
limitations. The inclination in the AEC industry to automate and standardize all
workflows and pocesses implies a valid point and is endorsed by some of the findings of
the dissertation, but requires a closer look at the “humanized” or “personalized”
component, where the needs for efficient design, and personal and social practice are

balanced andepresented.

8.2 Recommendations and Future Work

The dissertation proposed in chapter 7 amendments to existing market reports and
surveys. Future work will incorporate conducting these surveys on a wide scale,
including AEC firms, owners and contractors,identify the landscape of perspectives
regarding expected benefits and value of BIM, and propose developments accordingly.
As mentioned earlier, the scope of the survey will extend to include individuals from
different communities of practice identified the dissertation study. Future studies will
build on the triangulation of data from these surveys, based on the variety of subjects and
their background information, to provide a rich description of the diversity of interactions
and means of communicatian BIM-enabled practice. Based on the proposed survey
and the conclusions and findings of the research study, the dissertation proposes the
following recommendations and areas of future work:

The dissertation highlighted the importance of promoting coraed complete
modeling as one of the ways to facilitate the communication of design intent among
participants in practice. This will require the collaboration between software vendors,

firms, research institutions and BIM related regulatory bodies @iddingSMART,
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2011) or other client organizations promoting BIM practices in the AEC industry. The
work by Sanguinetti et al. (2011) is an example of these efforts, where the primary goal is
to check building model conformance with architectural desigdegtegulations and

rules. An implicit goal is to check BIM models for correct modeling procedures by
proposing gore-checkingsystem that determines missing or uninterpretable conventions
or model elements and detects intersections and overlaps in guglelametry. Another

goal is to make sure that the intent of the model is translated efficiently to analysis
packages by aligning the assumptions built in building model elements (e.g. building
spaces) with associated attributes such as the area, cogupex ®ot, and heating and
cooling load for that space, so that it represents a best guess regarding the original intent.
The dissertation however proposes to revise the essence of completeness and correctness
as per the findings and conclusions. Parameaad input variables do not necessarily
define every aspect of the designer’s intention or the nature of decision making that is
considered external to the building model. For many, there is no other means to fully
validate a model's correctness in tlaegler sense except by asking the designer himself.

As much as this is true, but the intelligence built in the model should address other issues
that belong to a higher level of interpretation of what building model elements denote.

The rigidity in the curent functionalities of BIM tools has to be alleviated,
whether it is in accepting too much information that makes it harder to generate a
conscious decision or very little description of thought process that does not provide the
capacity to track multiplelecisions, needs and goals. Issues for consideration should
focus on for example how to capture and retrieve design actions from multiple
participants, not just at the low level of commands and data input but build associations
between those commands,amngret and give meaning to conceptual tasks at a higher
level, and expose those concepts to participants sharing the model with tailored
information. In an interdisciplinary scenario, this would mean that the structural lead

engineer for instance would etified if the HVAC engineer “extended the depth of
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duct D23, clashed with beam B12", the project architect would be instructed
simultaneously to “adjust height of space S08 to minimum 12.5 feet”, and the interior
designer would be instructed to “adjuding of wall AO1 and AO02 of space S08". This
scenario is not to be confused with a clash detection session which is an afterthought
process, but is a means of embedding real time social communication between
participants that implies recognizing individyzarticipants and their assigned roles in a
specific project, understanding the task originally performed by each, interpreting what
these tasks mean and what potential design alterations done by any participant mean for
others sharing the model, repoginthe ramifications individually, and possibly
explaining the reasoning behind proposed decisions.

Other issues for consideration include integrating the history of design
communication and the flexibility of expanding the building model repository tadac
elements belonging to other additional forms of representation or other software
applications. Kalny (2007) suggests platforms for effective communication in the AEC
industry that integrate resources and links to external files including documeaggsim
and other references, similar to how a wiki is developed. Through comprehensive
elaboration, expanding the repository in a similar manner can enrich communication
especially in intradisciplinary and nahsciplinary interactions. As identified in the
dissertation study, it was harder to rely solely on the building model to convey critical
design knowledge among participants in early design phases and during brainstorming
sessions. These phases and types of interaction were characterized by a hglofdegre
ambiguity that requires using a lot of external resources and flexibility in using tools of
individual preference. In contexts of design thinking within teams or interaction within
secondary communities of practice, possible scenarios include teatmensesharing a
platform linked to the model repository, working in different applications (BIM

authoring and analysis tools, sketching media), documenting and sharing their individual
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ideas using text, diagrams, sketching or modeling, and having accegsdfct library
of documents and images and a historical record of other proposals within the team.

Another area of interest for future work involves adopting standards for modeling
procedures and regulations for BIM workflows among participants. Hawingpified
body of regulatory requirements for firms may seem constraining for the design and
conceptualization process, but is promising for achieving an acceptable level of model
correctness and completeness. This can take the form of a “BIM certificptmcess for
AEC firms and contracting companies. The purpose of this process is not to gain
certification as a firm, but rather to define a set of requirements and standards for a given
model and to ensure the correctness of building models as subriittedatisfactory
submission to the client organization or contractor, the BIM model has then to conform to
one of the specified standards and obtain approval from a third party organization.
Incentives for firms, owners and contractors have to be tak&nm donsideration.
Examples of items in the certification process include but are not limited to the following:

Intent of model: This involves defining the scope of what building model
elements to model exactly and what not to model, to be defined inotiteactual
agreement among all participants. This implies defining whether for example the model
is just a coordination model with a specific scope of modeled elements, and therefore
follows a certain modeling convention and a certain clash detection anetha fully
detailed 3D model, which entails defining the responsibilities and ownership of model
elements for each of the participants.

Minimum requirements for modeling procedures: This includes defining
acceptable methods of modeling geometry (wallsbs, etc.) and the minimum required
input parameters for the specific type of model for each of the participants. Tasks and
modeling activities have to be defined then for each individual; e.g. architect, interior

designer, landscape engineer, etc. shahthe scope of involvement is well defined.
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Phasespecific level of detail: This defines a suitable level of detail for each
design phase to be submitted to client organization for the purpose of checking against
design guides, building codes or atladient-specific requirements. This entails defining
the scope of geometric and semantic level of detail for each phase. For instance, a
schematic design model would include defining basic model elements such as spaces,
external walls and slabs, while asign development model would incorporate detailed
information about doors and windows, and more detailed parameters about the spaces,
walls and slabs. Without these definitions for design phases, many unconscious design
decisions may be integrated in timedel and require intensive revisions subsequently.

Accepted methods of delivery: Based on the model intent and requirements, the
method of delivery of the model has to be clearly specified. This has to be defined with
the client and the third party orgaation in consultation with BIM software vendors.

Software developers have to play a role as well in managing interoperability
issues between applications; such as between differentaBthbring platforms, between
BIM -authoring tools and domaspecific analysis tools belonging to similar or different
platforms, between BIMwthoring tools and CAD modeling tools, in addition to
managing modeling inconsistencies within BEthoring tools. Partnering with research
institutions is also key in identifying spiic areas of improvement in terms of
interoperability, functionality and interface. From the aforementioned recommendations,
integrating and bringing social media and aspects of social practice to technology
development is crucial to take another stepvimual communication. Concepts and
phenomena such as crowdsourcing and collective intelligence (Maher, 2010) are
becoming more prominent in design collaboration research. At the same time, new
communities of practice are growing that are less and lémshatl to local constraints
and becoming interconnected with global communities of practice, where the role of
shared models should extend to bridge those practices. More ethnographic studies and

persona descriptions are needed within new and evolving ooines of practice,
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especially those involving virtual communication and collective designing. Education
research should focus more on core concepts of problem solving, integrated practice,
collaborative and collective design, rather than on just diggsign tools or abstract
modeling and drawing procedures. Training in student projects should integrate problem
based (design and analysis), disciplbssed (building technology, interior design, etc.)
and tearrbased (interdisciplinary, intradisciplinanyeb-based) approaches altogether to
allow for early involvement and immersion in integrated practice and a better

understanding of other disciplinary requirements.
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APPENDIX A

CODING GUIDE

Table A.1. Coding guide for emergent categories and superate categories

EXPERTISE

1 New
experiences

Definition

New encounters that participants face in the project,
including social encounters, work experiences,
involvement in types of projects, use of new tools,
concepts, or methods

Example

B1: (Al) isrelatively new to our firm...he came from
firm that was using Revit so he has more R
experience than | would say to other people...but
again she had some prior Revit experience...it has
a while since she used it so she has just been thr

a
evit
A3)
been
pugh

training...but | don’t believe she and (A1) had probaply

worked on a project together...and | don’t know if eit
one of them have worked with (A2)...and chances
they may or may not have worked with the consult
before

ner
are
ants

2 Expertise with
using the tool

Definition

The nature and level of expertise of participants in
the project in terms of their proficiency in using BIM
tools

Example

B1: The reason people need support is because
only see the problems that they come across...| me
support we see so mardifferent projects so man
different people...and as you start seeing the s
issues over and over...it's like...because we

problems on a much...it's like accelerat
learning...eventually if you work long enough in R¢
you might see every single thing thaee...but becaus
| get questions from every single project | see a lot n
and know a lot more about it more quickly than

average user

they
an in
y
ame
see
ed
BVit
e
nore
the

3 Work
experience

Definition

The individual and collective expertise of
participants within a team in terms of domain
specific knowledge

Example

M2: We've worked together long enough we kind of
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Table A.1. continued

know when we look at a building where the best p
would be for certain elementsl mean there is alway
water service stuff where (Mhgas to have this here an

electrically it's the same kind of thinrgwe kind of make

sure that those are separated!| think it's just an
understanding of working together and we’ve all bg
in the business long enough to know that there
certain things— we just know that the plumbing guys
the HVAC is going to need some space .here

ace

[

D

9%
(0]
=}

are
or

LEARNING PROCESS
4 Learning to Definition | The experience and learning gained along the course
use the tool of the project with regards to learning and
interacting with capabilities of BIM tools
Example | C1: I'm not saying that eventually the tool won't be able
to do that but everybody is just going through this
learning process now and figuring out and the
contractors are figuring out that in order for it to do
what they need it to do most of the time this is |my
understanding
5 Learning how | Definition | The learning process involved along the course of the
to put a project in terms of details of design and construction
building
together
Example | A4: | want to knowhow to put a building together..|l
don’t care if it's going to be Revit or if | will have to

draft the damn thing you know...I have to learn how to

put a building together...and not only that | want
learn how to put a good building together...l want

see...and’'m very glad that | have this opportunity to

get into a project from the beginning till the end

TRANSITION TO BIM PROCESS

6 Resistance in | Definition | The resistance of participants, teams or disciplines at
accepting BIM large to the philosophical idea of BIM, using BIM
process tools and its value to them and to practice

Example | M3: | can see a reason for resistance to it from some of

the older generation but | know people that still hate

using CAD and won't use a CAD progranwe’d draft

at’s

it up and then hand it redlined to somebody so but th
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Table A.1. continued

just part of culture— it's part of growing up drawing
you know.

7 Gradual
adoption of
BIM tool
functionalities

Definition

The gradual transition to BIM in terms of processes,
platforms, and mindset, and its main strategies and
procedures

Example

S3: Yeah therevas a transition period where we had
detailing being able to draw sections is by far the n
involved — and to be thrown in and have to do th
without knowing Revit would have killed us product
wise because it would have been just me workin
plans and the model it would have been any of
engineers that we get on board just to get the deac
out or anything like that they would have to have Re
experience and at that point there was only two of
but that’s no longer the casewe are m&ing a real big
push to do everything in Reuvit

8 Pressure to
adopt BIM
process

Definition

Pressure of market, discipline, firm, team, or
individual to adopt BIM tools and functionalities

Example

A4: | mean they are great but they are resistant togisi

lost
at
ion
g in
her
lline
vit
IS

the other software- and | understand because they
invested a lot in training for Revit and the transitipn
from one software to another especially in this case

when we’re talking Microstation and Rewiit’s not like
we’'re talking BIM to BIM— we’re taking Microstation
to BIM or norBIM to BIM — it's a different kind of
thinking so there is a lot of resistance from our part \

ou

know— and there is a lot of money invested and they

want to run things smoothly

AFFORDANCES WITH RESPECT TO THE TOOL

9 Visualization | Definition | The capacity of visualizing building model elements
capability in 3D space and navigating through space to
understand the designed space
Example | B1: Things as simple as you know we’re looking at a

3D

model and we’re kind of got a section cut through this
atrium space and the mechanical engineer said oh well

let me show you what we were thinking about how

we

were going to put air in that space..and #rehitect
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Table A.1. continued

was there and would say well this is a column caver
over here...you got a lot of space over here...you|can
see if you go up and around...so three dimensionally
they can start figuring that out...and | think it's
tremendouslyseful

10 Parametric Definition | The capacity to use the parametric structure of BIM
flexibility tools to modify and adjust building elements easily
and efficiently

Example | P1: It will be simply probably a shorter building...won't
change..it doesnithange the plan organization strategy
at all...we usually start by developing a buildipg
concept that is fairly easy to modify because we know
that these things are going to take place...and to have a
building that is so dependent on knowing what evyery
piece & today and if any one piece changes you need to
rethink the design we found is not an approprigte
strategy for us.

11 Efficiency Definition | Achieving a degree of efficiency and accuracy in
and accuracy subsequent phases of a project by using the
capabilities of the tool

Example | A3: 1 can do it all in Revit...like | said I'm faster in the
computer than out...it looks better...it makes more
sense...l do it on the computer...and to me it's more
realistic because it's actually...we have to work it put
realistically toget it to show the idea... | mean even if
it's just a ...you know | may not be doing it absolutely
correctly but is there’s say a special piece |of
millwork...a specialty display case or something like
that I'll just quickly create some modeling boxes and
things..because | can do that fast ..it kind of works it
out because | know it’s real dimensions and really gaing
to work eventually...because a lot of the times pepple
will sketch things and it's not to scale and doesn’t
work...yeah | think | work much better on tteamputer

12 Concept- Definition | The capacity of BIM tools to aid conceptualization,
ualization and developing design alternatives and reflecting on
reflection ideas

Example | Al: | also did some very basic Revit massing just to
show proportionally howmuch labs and office space
and things we’'re looking at and how are we looking at
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Table A.1. continued

using kind of the lab module of 10 foot 4 and certain

structural things we have in mind of how we usually
up a building

set

13 Extraction of
useful
information

Definition

The capacity of BIM tools to generate useful
information in multiple forms for participants

Example

S1: It's more of a— it's a table — it's not a full

spreadsheet it'll kind of go through floor by floor and

it hasdifferent packages so there is a graphic pack

age

for beams so it will (unclear) on a floor by floor basis

and then give a summary of all the steel (unclear)
beams and girders in the building and a summary of
weight and then you can go into a second package

that's the graphic (component?) it will give you
summary of the total pieces and weightand then the
third component is the lateral packageit will do
beams and columns and braces that are part of
lateral system of the building that you've defil — so
we may have 50 columns we’ll say on the projetite
ones that you've defined to be your lateral columns
not appear in the graphic column componenso by
summing those three packages which you have t
manually you can get a good idea tbe thing— and

a

the

will

0 do

when it prints it out it's maybe a three minute exercise

to just go through and cut off the numbers and you K
the gross square footage of your building

now

14 Tracking
information
along the design
process

Definition

The ability to keep a record of project information,
elements and modifications throughout the phases of
the project and beyond

Example

B2: Once they get the facilities people to understan
they can track all the modificatiorsmaintenance of &
building like fixtures and when they need to be char
— just every element of the building, what needs tc
changed, what has been changed and how it's cha
—what manufacturer, cut sheets, | mean if you can ¢
on any kind of element like a dring fountain or
something and a cut sheet pops up, manufacturer ¢
how to replace it, who to call, who installed it, all th
stuff comes up- it will be great, and then if you ar
doing a renovation you could use that model to build

dit
A
ged
) be
nged
tlick

jata,
at

C
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Table A.1.continued

AFFORDANCES WITH RESPECT TO COLLABORATION

15 Conflict
detection and
resolution

Definition

The ability to do clash detection and automatically
check BIM models from multiple participants for
conflicts for coordination purposes

Example

S3: Thetheory is— | haven’t used it | haven't had the

opportunity but the theory is that you can run

coordination review with the architecturaland this is

the reason having it in Revit and not 3D or AutoCAD

3D is because the MEP is modeling a duct andgts

all this metadata with it that it's this high and this wide

you know that kind of thing- and then it runs

coordination review against the structural and it's

supposed to spit out hey these coordinates are b
shared between the twe between the diwcand the

beam- that’'s not a good thing and it will say look at
this where it will highlight the instance and show you

like | said | haven’t done that but there are coordinat
review issues with the architect

16 Coordination
of information
between
participants

Definition

The capacity of BIM models to allow multiple
participants to coordinate and discuss different types
of information

Example

P1:How can we create 3D models of rooms...usuall
the programming process we talk to our clients ah
well what do you use a room for...what equipment ¢
in it...how many people need to go in it...and w
seating arrangements or what lab bench arrangem
sut you best...and we would after drawing tk
...Sketching that...we would wusually create
dimensional room diagrams....they would say oh ye
understand that’s a 900 square foot room and that’s
way I'm going to use it or that's the three ways I
going b use it...well Revit gives us this tool that tt
shows them in both two dimensions in plan view
also in three dimensional view...and a lot of people
understand the three dimensional drawing in an ea
fashion...so there’s the visualization communaa
aspect that Revit allows us...BIM allows us to use n
effectively to communicate with the client
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Table A.1. continued

17 Shared Definition | Having a single consistent and accurate model that is
repository of shared by all participants in the project
information

Example | M2: They bring everybody into one room all

contractors and engineers and architectsall work
together and develop a Revit model and then thhgs
drawing — they use it— they convert them to the
manufacturing drawings and the duct wotkthat 3D

ir

model never gets flattened and produced into a flat set
of drawing— in that world you never needed to have a

detail page because you could take apstet out of

any piece of it in the building you want to get your

detail— | think that's really forward thinking and | don
know when the rest of the world will get therso what

t

we’re doing here today | think is where we will be for a

while — designirg a building and then doing our

standard construction details that kind of give you more

detailed information on how to connect up w
heaters and how to hang transformerthese kinds o
things that we setup to show in a separate page

er

INCOMPATIBILITY AMONG TOOLS

18 Incomplete
information
from the tool

Definition

The degree of completeness of semantic or geometric
properties in a building model in any given tool

Example

C1: “I mean this level of detail to be able to extract this

level of detail there is some things that we’ll never
able to extract from Revit so there is always going t¢
even if we were let's say best case where ther
Innovaya or someday Revit will talko Excel or
Timberline and you can export items directly out
Revit into Excel you are still going to have to come b
in and sort of fill in gaps

19 Incorrect
information
from the tool

Definition

The degree of proper representation of semantic or
geometric properties in a building model in any
given tool

Example

M1: Some of the models that we brought in they K
some problem with that like you have a piece (
equipment that you show on the third lewveilt starts
showing throughout all three levels and we don’t kno
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Table A.1. continued

how to— like wehave to find it in a different model or

hide it— so there are many little things that you need to

do in addition to what we used to be doing in CAD

20
Discrepancies in
conventions and
parameters

Definition

Tools lacking a consistent set of conventions for
building elements such as spaces, types of walls,
partitions, doors, making it harder in terms of
coordination and smooth flow of information among
participants

Example

C1: The way that some of these integrators work is that

they can say well there yghat they call mapping wher
if you got Timberline over here an Excel spreadshe
lets say Timberline because they have m
standardized line items and then you've got from y
translation software or from your Revit model thing
unless the languagis exactly the samedefinitely it's
not going to happen in Timberline because Timber
has their own- unless we work backwards and say le
use Timberline’s naming convention and call all of ¢
things the same things that’'s not going to happemeei
— but there is this process of mapping or linking wher
you are in your translation software here and you've
all these items that came out of the model at some
you would have to say ok this equals that and thesg
the same thing and this the same thing as that

21 Interface
and data
transfer
problems

Definition

Problems associated with the translation capabilities
of different modeling and analysis software packages
when files are exchanged back and forth among
participants

Example

M2: | know that to use Revit within HVAC to run ya
HVAC load calcsand to determine what your heat Ig
IS SO you're scanning windows and determine how
air conditioning or heating you need to put into a sp
— if that's all integrated in your model eventually
saves us time because you enter it one time and/the
use that same model as your inpubut today a lot of
times we have te we have our design software or o
drafting software but then we have to take t
information and model it into some other softwanase
that output then to size systems thattixen put back i

e
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— you know we’re back and forth in and out between

different systems we can’t share the same input data
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Table A.1. continued

and | think any time we can start sharing the same input

data we’re first of all more accurate and vean get

results quicker the feedback loop is great because it

allows us to adjust as we do things

COST OF TOOL FOR PARTICIPANTS

22 Cognitive
overload

Definition

The cognitive burden that participants experience
while using BIM tools

Example

A4: How am | supposed to have that knowledgé
don’'t even care if it's storefront at this poirt I'm
trying to compose the damn facadé don’t care if it's
a piece of plastic right now | don’t care if it's a
storefront— I'm going to assign it to be a stefront
later if | wanted to— why would | have to decide it's

a

storefront knowing that it's going to cut in a certain way

through the wall- that is a stupid thing because t

e

more | decided it's a storefront it's going to lead me to

certain kinds of degn because it cuts in certain wa

yS

through the damn wal so then where does that leave

us? To know- to have that knowledge to have that
detailed knowledge about the storefront and what
storefront does and know the limitations of-tyou
know whatt mean— you still need detailed knowledge
you need a vast amount of knowledge to treat this
tool and improvise

the

as a

23 Design
conceptual-
ization
problems

Definition

The cost associated with using BIM tools in early
design phases, where most design decisions and
requirements are still at an abstract level

Example

P1: | think you know one of the impacts is that you d
have to make earlier decisions but if you are able to
can create efficiencies...you know in the very ear
phase in schematic design if you want to draw a rq
wall you draw a six inch wall wellas you move intc
design development and construction documents
need to know exactly what that wall is made of...}
many layers of gypsum wall board...where the S
studs are...how thick it is...it may not be six inches
more..it may be six and a quarterches or five and ¢
half inches...and you know you have the flexibility

DN’t
you
iest
Dom
D
you
now

teel

any
;]
of

changing those things certainly...if you could say in qhe
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Table A.1. continued

schematic design phase that | know that that’'s a
and a half inch wall with two layers afypsum wall
board on either side of a certain dimension stud an
never changes there is great efficiency in that but
design process just doesn’'t work that way yet..an
shouldn’t be...you shouldn’'t be hampered...it shoul
slow you down in thinkingbout well what is that roon
used for...you shouldn’t have to stop at that point
think about...is that wall six inches or six and a h
inches or seven inches

five

dit
the
d it
dn’t
n
and
alf

24 Ease of use

Definition

Degrees of ease with which the functionalities and
capabilities of BIM tools can be used by participants

Example

Al: Back when you had CAD you just drew a symbo
a steel column and that was thatyou don’t worry
about moving but now you have to check everyt
because things will move, and I've come across th
lot, beams go up and down 3 inches and now \
drawing doesn’t look the same, and that can happer
day of printing, so it’s just one of those things

for

ning
at a
our
the

25 Need for
interaction with
participants
within team

Definition

The need to communicate with other participants
within the team and not relying solely on model
updates, information extracted from models, or
other representations

Example

P1: Somebody may be studying the lobby space and
we get a stair from the ground floor to the upper flg
or (A3) may be working on three or four ways
arrange the faculty offices and the conference roen
(A1) may be working on the structural system of
building—and so all of that has to come together, so
usually try to put that up on the wall and talk albat
and get everybody aligned on the same message
make decisions and then everybody is aware of wik
we are doing

26 Need for
representations
external to the
tool

Definition

The need for forms of representations other than
BIM tools (e.g. sketches, images, physical models,
verbal communication, etc.) to conceptualize or to
convey information internally within the team or to
other participants, implying that the BIM model
alone is not sufficient to convey that information

how
DOr
to
NS
the
we

and
nat

effectively
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Table A.1. continued

Example | A1: Without taking that any further I kind of go off to
the side and do a quick little massing model with flgors
based on kind of the footprint and then over that |
sketch...we start doing hand sketches and things [over
that toget an idea of what the building...you know.]|.to
get an idea of what the materials are going to be |but
how they work together is going to be the trick

COST OF TOOL FOR TEAMS

27 Rigidity Definition | The challenge for disciplinary teams created by the
versus degree of precision and rigidity required by BIM
flexibility tools, especially in early design stages

Example | M2: If we were within a few feet it was ok because|the
contractor filled that gap- today the model brings it tp
that point and shows realBll the fittings to that point
so it's just so much detail and the Revit software wants
that detail- and it kind of doesn’t want to move forward
if you have it or you don't fill it

28 Cost of Definition | Issues associated with forcing all disciplines to
modeling in 3D extensively model their building components in 3D

Example | M1: Yeah but then the drawback here is that in plan
view you have so many more details like the (chase?)
feedings that in plawiew very often hook weird and
I’'m not sure the plumbing contractor even wants to |see
it if we draw in single line- sometimes too much is not
good

29 Coordination | Definition | The cost associated with managing the complexity of
and BIM models and tracking inconsistencies or
management inaccuracies across teams

overload

Example | B2: Once a project gets built the bigger it gets the
harder it is to track where all the inaccuracies are...and
so they are really trying to focus on all of that
stuff...and sahere is a lot of planning involved

30 Need for Definition | The need to communicate with other participants
interaction across teams, and not relying solely on model
across teams updates or information extracted from models

Example | S1: Now that we’re out of DDs and into the CD phase
the meetings wil- especially at the front end we need to
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Table A.1. continued

get on the phone with (A2) and say we need to
together and talk about relief angles and wh
suspended brick wilbe and lintels and headers atf
some of these components now that they are really
there

DISCIPLINARY

POSITIONS AND PREFERENCES

31 Relevant
versus
irrelevant
information

Definition

The type of information, objects or elements that
participants consider relevant or irrelevant to them
or their disciplines

get
ere
nd
out

Example

Al: | found that while Revit can do 3D site...you dg
need a 3D site most of the time...it's irrelevant...y
it's such a flat site it’s irrelevant...and the 2D drawin
will work fine...because at the end of the day we p
2D drawings anyway...so we don’'t need to spend
on that

n’t
eah
gs
rint
time

32 Perception of
BIM
representations

Definition

The way  different  participants  perceive
representations or elements generated by the BIM
model

Example

A4: And that’'s when | got very confused because of
fact that this was a stacking diagram and not
plan...and then | said ok this is a plan if you are tell
me to study only the fagade but in fact it is only
stacking diagram...so here is whene all fell into a
trap...because of what Revit does...you know...whi
providing so much detalil

the

ng

ch is

33 Personal
preference of
tools

Definition

Preferred tools for each discipline throughout the
project phases, seen through the views of its
participants and teams

Example

M1: Like CAD is flexible— you can in five second
using different methods create anything you want
produce a plan very quickly Revit demands mug
more time and it had many more limitations as far
you can figure what commands are dable to you and
probably it's going to get better with time and may
2011 is a little better and then 2012 will offer mg
flexibility but it very often limits via speed because of
laws of physics built in

S
and

as
be
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Table A.1. continued

34 Level of
confidence with
the tool

Definition

The degree of trust and confidence that each
participant, team or discipline has in information
extracted from building models

Example

B1: When I'm the estimator and | do the take offs | h
a lot of confidence irall these numbers that | see
front of me because | know that | counted these d
and | know that | saw that type of wall...if | get hang
a sheet of paper from the team that says there is
much wall and | don’t know where that wall is or wi
you kow...why or what or maybe it's a generic w
because of where we are in the project and they ha
decided if it's a masonry or whatever...there's
disconnect there.

ave
in
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led
this
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35 Human
judgment

Definition

The subjective component in the design process
where some issues require human judgment and
common sense to weigh things and cannot be done in
a fully automated fashion that relies only on
information generated by the tool

Example

S1: I'll just go through and sum those three compone
from RAM and divide it @r the 80000 square feet
and I've got it down to about 8.5 pounds a square
now and then | usually throw a 10 percent factor on t
at this early stage just in case there are some chang
so | told (A2) to allow 9.5 pounds a square foot for
structural steel in this last release

2Nts

foot
oit
es

the

36 Desired
functionalities

Definition

The different capabilities and procedures that each
participant feels are missing and wishes to be
implemented in future systems

Example

M1: Well maybe a little of automatiomould be higher
than what was promised but | don’t think it was
delivered because or if there was a universal library
of symbols would be available to us and the archite(
the same time so they would be starting their proj
using those symbols

ot at
eCts

37 Information
needs

Definition

The information that the participants consider
crucial for the progression of the project

Example

M2: It's the fact that you know we don’t have the

information available- you would really like to go t

D

the manufacturer’'s webpage of the product you woul

d
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Table A.1. continued

like to use and pick up their family and put it in to your

drawing butit’'s probably not available then you search

for something that is similar and you use that as a

placeholder so you know we're making duand that's
the first (great) side of i we'd like to just see it moyv
faster and that’'s going to be the course oWht’'s going
to work for a while

INTERACTION WITHIN TEAM

38 Conflicting
positions within
team

Definition

The argumentation and the different positions and
views among participants of a single team

Example

A4: | personally don’t think that théiscussion should

have been taken that direction because | could foresee

the end result- at that level you have to talk about wh
the building does- the larger picture you know what

mean— not if it's made out of brick or if it has a pitched

roof, tha is irrelevant because | don't think there is

at

anything wrong with a pitched roof or brick in itself ypu

know but there is something inherently wrong ab
saying that there is only one way to deal with there
isn’t — but anyway that was a dangerousd — to me it
was a dangerous road to geour team chose to tak
that road and we got into this

39 Team
reconciliation
and negotiation

Definition

The process of negotiation between participants in a
single team to arrive at a common understanding
and a final decision

Example

out

P1: We have a robust discussion about that and then try

to align our internal firm goals for the project with the

client goals and then make sure that there is a sort of

buy in at the team level so that we don’t have you k

now

one person in the team interested in doing something
that is not aligned with the whole mission of the project

40 Pressure
within team

Definition

Pressure on participants to work on certain tasks or
in certain tools during different phases of the project

Example

Ad4: After the presentation (P1l) actually said ok Yy

ou

need to get- we need you in Revit because there is

always a disconnect and this will allow (Al) to focus
other stuff- seriously it's not fair he can’'t do everythir
—he is doing tons of sff —it's not his fault that | am an
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Table A.1. continued

idiot with Revit and | have to push-itso everybody is

encouraging and they kept pushing me to get into
Revit model and take over this thinrg if | draw
something | should be able +oif | draw something in

sketch or if | think about something | should be able to

draw in the model

41 Status and
comfort level
within team

Definition

The nature of the structure and system of authority
within the team, as well as the level of confidence and
comfort that each participant holds for others within
the team

Example

A3: (Al) and I...l think we’re going to have to figu

out how to work together because he is in charge of the
file...which is fine...but he came from a different

company...l came froma different company and now

we're back here...we're both on Revit and so...

I'm

going to kind of have to follow his lead on how he sets

up the file...so | think that may be a it
frustrating...we’ll see...just because we're used to W
in different ways in Revit

42 Assignment
of roles and
tasks

Definition

The specific roles and responsibilities that each
participant is assigned within the team, and the
interactions that occur among participants based on
these roles

Example

S1: (S2) and | have pretty mudiandled it since the
beginning and then (S4) who stamps the drawinbge
and | would touch base | kind of keep him abreast ¢
what's going on and he’ll flip through the drawings
every 23 weeks to make sure he understands w
things are going— but (S2) and | we handle most
everything— and (S2) does more of the production w
of handling the Revit model and structural model
and then I'll kind of come back and review and smg
the designs and make sure that everything is g
appropriate fron that and | do the detailing of edq
conditions and facade backups and then the mor
depth interface with architectural and mechanical

43 Support
structure within
team

Definition

The mechanisms of support within a team, including
both technical support and additional workforce

le
ork
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Example

B1: | think the more knowledge that is gained
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Table A.1. continued

throughout the firm the less likely they are to come to
me...and part of that is...it's something we try to deal

with...we try to deal with it isupport anyway...| don’
know that it's any different than any other kind
support...there are certain people that are reluctan
ask for help because they feel in some way it m

t

of

[ to
akes

them look like less of a person..and so they are more

likely to ask theirbuddy who they are comfortab
with...who they feel they may not judge them versu

le
5 me

who they make think is an expert...number two that |

may think they are an idiot if the question in their m
should be easily answered...so we've tried to deV

nd
elop

ways of gding around that...we tried to develop what

we call our CAD mentoring program where we iden
people in studios..that they are going to be a reso
and that we would meet with them

tify
irce

44 Insufficient
BIM data input

Definition

Input of data (parameters and variables in BIM tool)
that is not enough for the use of other participants
while pursuing their tasks

Example

C1: Here is what | keep saying when we talk about R
and how we are going to do that is that as an estim
what | do— the way | do whatl do — is let's say a
schematic design where we don’t necessarily know

a door is going to be or whatever | go aheasb that |
can tell them what my price is based -erh go ahead
and make a decision what that door is or what {
exterior wall simpy is whether it's brick— you know
they may tell me it's going to be a masonry building
whatever but they don’t know beyond that

evit
ator

what

hat

or

45 Team
knowledge
history

Definition

Domain specific knowledge and procedures that are
collectively constructed through precedents within
the team

Example

S3: We are working on them and that’s part of the th
our committee is doing is we’re trying to get toget
and decide on exactly how we want to show #y®u

know here is a typical detail we've used for years

here is how it's been tweaked by all the different pe
let's put it back to one common that we've he
everybody’s arguments as to why they like to do this
why they don't like to do that and let's try to get tt
then we’ll draw it and it then wilbe in our Revit details

ing
her

and
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Table A.1. continued

46 Disconnect
among
participants

Definition

Disconnect due to striking difference in design or
tool expertise among team participants

Example

A4: Now let’s talk about Revit because that was a i
bit of a mess because (Al) and | were at different le
completely different levels and | tried to get into Rg
and throughout the design | kept doing the hand dr:
sketches and he was doing Revit and there was alw
disconnect

INTERACTION ACROSS TEAMS

47 Conflicting
positions across
teams

Definition

The kinds of conflicts that teams experience with
respect to one another in terms of methods, concepts,
workflows or tools

ttle
vels
BVt
AwWn
ays a

Example

S1: So even though it’'s just points and spaces and |
| feel comfortable with the take offs that RAM provic
me for materials of quantities for columns and bez
and girders and bracesand so I'm not sure where I'f
any different from the cost estimator

ines
les
AMS
n

48
Reconciliation
and negotiation
across teams

Definition

The process of negotiation between the architectural
team, consultants and/or the client to arrive at a
common understanding and a final decision
concerning a specific issue in the project

Example

Al: We can do a really modern building but | think {

or

this client they prefer a more traditional approach and

so we’'re trying to kind of negotiate what we want in
design right now

the

49 Concurrence
among
participants

Definition

The level of agreement among participants from
different teams concerning approach, workflow or
use of tool

Example

El: It's pretty good because I've worked with thg
before on other projects and they are also in tune
sustainability

BMm
with

50 Scope of
involvement

Definition

The scope of each team in terms of processes,
methods, workflows or tools

Example

L2: Yeah we have our own cost estimating process
we use-it's generally a separate thing for uswe do it
outside of the architect’s supervisietwe’re doing that

that
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Table A.1. continued

directly for the client

51
Understanding
needs of other
disciplinary
participants

Definition

Recognizing and understanding what other teams
require throughout the process in terms of
workflows, processes or required information

Example

S1: | have to be careful how | say thigthe mechanical
systems don’t necessarily have to stay in lock step
the architect because as long as they are given a ¢
idea on the front end of what they anticipate they
kind of go on and work on their own and then com
later in the game wiit their systems but with what we
we have to stay pretty well in keeping with th
otherwise we hold them up and once you fall behind
really hard to get caught up again

with
jood
can
B in
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52 Participant
status

Definition

The authority and power structure among the
architectural team, consultants and the client

Example

E1: The first issue we’re going to need to address is
building orientation because the client asked us to p
in the exact wrong way...it's a long bar building ...t
long faces are east and wesiented...So0 we just nee
to make sure that we are not going to be cooking pe
(unclear) that's where | am going to start with them

the
ut it
he

2d
ople

53 Developing
workarounds in
tool

Definition

Devising ways and methods in the tool that,
according to the teams, are more suited for the
practical and collective progression of the project

Example

Al: We'll try to avoid...and we’ll have to work a@

this...about trying to avoid a lot of modeling in there.|.

it's not necessarily being modeled | don’t think it ne
to be drawnin 3D...usually if it's seen in 2 views I’
model it...if it's only seen in one view it can
drafted...that all depends on each object and each t
but try to keep the models as small as possible beg
I've got into projects where you can’t do anything
it...just really wrecks the project

n
Af
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54 Patterns of
exchanging
information

Definition

The types and rate of exchange of physical and
digital documents among teams

Example

B2: DD —it would be more like every otherespecially
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Table A.1. continued

before submittal- like every Friday and sometimes

when you are getting closer and closer you may need to
do —if there are significant changes you may need to do

every other day or something like that

IN PRINCIPLE VERSUS IN PRACTICE

55 Expectations
of BIM

Definition

The expectations of BIM capabilities based on
publicity, and the actual experience of participants
while unfolding these capabilities in practice

Example

M1: When we were introducing ourselves to Revit
were told that at any poinivhen you want to chang

we
e

something you can just move it and it just changes in all
the views-yes it does but if you have to move a piece of
a plumbing system that is connected to five different

pipes the moment you disconnect it those systen
inactiveand so it's not as easy as it sounded initially

56 Workflow
efficiency

Definition

Perceptions of the claims about efficiency or
automation in terms of workflows, exchange of data,
or extraction of information using BIM models,
versus the ways they are enacted in practice

Example

M2: What would be even betterthe detail that we’re
drawing to — it would be nice if that file could b
handed off and used to estimate materials so tha
we’re designing we could figure which is the most ¢
effective wayto do this— but today we're drawing t¢
some detail but the system is not functioning that we

57 Phase of
engagement in
the process

Definition

Participant perceptions of claims involving BIM tool
use in design phases especially early phases, versus
how each of the participating disciplines actually
employs them according to their needs

Example

A4: | wish we wouldn’t toss away all the other softwzg
and have just one software be it Revit be it SketchU
it anything else that we’re going to use and that wo
be the only one | wish we could use Revit just as a
other tools we're using and just tee one tool amon
many and if we feel comfortable with using SketchU
MicroStation or whatever in different stages of

project we should be able to do thatvhat bothers me
is we need to use Revit from the beginning till
end...I'm very sure thaRevit is absolutely a wonderf
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tool starting from a certain point in the design proces
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APPENDIX B

INSTRUCTIONS TO REVIEWERS

For the purpose of validating the analysis and coding process of this research, the
attached document provides a guide to a sample of the codes used by the author in
analyzing notes and transcripts from interviews and meetings. The research questions are
first listed down to give the reviewer an idea of what the main issues and questions in this
study and how the selected codes attempt to address and tackle these questions. A list of
all to-date codes used in the study is then presented. This list inalidesles and their
higher level categories. The goal is to give the reviewer an idea of the overall
implemented scheme and the relative weight (instances of occurrence) of the codes in
general.

A brief coding guide of a sample of codes is then preseftexte codes are more
relevant to the sample transcript that is provided in a separate document (according to the
author). The coding guide provides a short explanation of what each code represents in
addition to an example extracted from other transcap#dyzed by the author, in order to
give the reviewer more insight into the meaning and context of use of the presented
codes. A numbered list of the sample codes is provided. Additional rows are provided in
case the reviewer wishes to add other codesariple of the coding procedures that
should be used by the reviewer is shown (figure B.1).

A sample transcript of an interview with one of the subjects in the study is
provided in a separate file. The subject is a cost estimator dmalige consultant e
architectural firm. This interview was the first interview with the subject. The reviewer is
asked to read the transcript carefully and use the provided codes and any other additional
codes that he/she sees appropriate. In the sample transcrigiefiteviewer should use

the “insert new comment” command to highlight the necessary phrase or paragraph and
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write down the serial number of the used code (e.g. write “21” for code #21: Interface
and data transfer problems). If the code is a new codesti@toduced by the reviewer,
he/she should first write the introduced code in the additional rows and then write the
serial number of that code in the inserted comment. At the end of the transcript, the
reviewer is asked to write down his/her name and datompletion of review, and send
both documents after renaming them (e.g. Coding guide_Reviewer name.docx, and
Sample transcript_Reviewer name.docx). A meeting will then be held between the author
and the reviewers to look at and validate his codingermeh according to their

interpretation.

Thank you for your participation

Sample coding required from reviewer

Protocol Title An ethnographic study of interdisciplinary collaboration in BIM-enabled
architectural practice (Main 03/23/09v1)

Document Code 11-C1-05242010

Type of document Transcript - Individual interview

Site Architectural firm

Subject C1 (Cost estimator at architectural firm)

Project SG medical technology building

Method of recording | Audio taping

Date Recorded 05/24/2010

Duration 61 minutes

C1 | I've been here — I've been here for 17 years — primarily doing — | mean | like —
b’ather than telling you I'm an estimator | like to tell I'm in preconstruction] _J_,.-{_Cﬂmment | § o5 ]
because the responsibilities sort of range from early — early budgets — pre-
design budgets all the way up through doing detailed CD estimates so — and
other things too but | mean fthe principle behind it was to have in house
expertise on costing so that during the design process we're making informed
decisions as to the cost of materials and systemﬁ and that kind of thing and __)_.)-{’_()omment [***2]: 45 ]

hopefully not getting down the road to DD or CD basis of design and having to

do redesign — in theory that’s the way it is supposed to work

1 In theory — so how does it really work?

Figure B.1. Sample coding required from reviewers
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APPENDIX C

SAMPLE TRANSCRIPT

Table C.1. Extract from interview transcript with the cost estimator (C1)

285
286

287
288
289
290
201
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313

314

315
316
317
318

C1

C1

So whatkind of information do you need to tweak really or that is not in
Revit that you need more information about?

It had mostly to do with what we were naming elements and how descriptive
those— not just the names because you know there is a lot of data that gets
attached to an elementand I’'m not a Revit guy so | have an understanding

of it that is pretty basie but as an example a project that | was working on
where we talked as a team about the quantities that we can extract from Revit
and so as I'm doing take off I'm saying ok I'm going to get that from Revit
doors for instance a door schedule you knowthe count items they should

be fairly simple items to extract from the model and fairly trustworthy so | go
through this whole process as usual at the end of the process I'm scrambling
trying to meet a deadline so | pull out the door schedule to plug tlaatdin

the information just isn’t there here is this door but the naming convention
was such-and I'm talking about the printout that | get from the architectural
design team the naming convention is such that it doesn't tell me what |
need to know- it doesn't tell me if that’s a flush doerit doesn't tell me if

it's got a narrow light in it or if it's a half light it doesn't tell me if it's

wood or if it’s hollow metal- it doesn't tell me the size if it's a 3 foot or 4
foot door or if it's a 7 fobor 8 foot door it doesn’t tell me if it's an A or B
labeled— it doesn'’t tell me if it's nosrated— it'’s just whatever quick name
they slapped on it so that they would know what it wase the trick was to

get on the next project is to get more ddttimformation loaded and that’'s

some of what we are trying to resolve internally is to get enough information
attached to that elementthat door— so that when we print it out in Reuvit
schedule or it gets exported through Innovaya or whatever to aal Ex
spreadsheet that there is enough information there for the person who is
pricing it to know— to distinguish it between one and the next item
especially when you are talking about a CD estimate where you can have 8 to
10 different types of doors

Yeah and is it also happening at later phases not only at early phases?
Well and here is what | keep saying when we talk about Revit and how we
are going to do that is that as an estimator what- th@ way | do what | do

—is let's say a schematic design where we don’t necessarily know what a
door is going to be or whatever | go ahead that | can tell them what my
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Table C.1. continued

319
320
321

322

323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342

343
344

345
346
347
348
349
350
351
352
353
354
355
356
357
358
359

C1

C1

price is based onl go ahead and make a decision what that @oor what
that exterior wall simply is whether it's brieckthey may tell me it's going to
be a masonry building or whatever but they don’t know beyond that

Do you make some assumptions then?

Yeah | make assumptions so what | maintain to the designers is if | can make
these assumptions then you can make those assumptions so rather than
building—and | haven’'t checked with them lately | don’t know if this isl stil

the direction we are going it didn’t meet a whole lot of resistaneebut

from an estimating standpoint | take the line items that | use at construction
documents at a very detailed level and | use them in the schematic phases
because | will go aheadd look at a floor plan and say that wall is probably
going to be rated so I'll price a rated wall there and make those kinds of
assumptions- so if | can do it | know that they can do it and rather than
having two sets of libraries one for preliminary idesor schematic design

and another more detailed library for DD and CD drawings it will make more
sense to me if they have one librarywithin that you may have generic
elements that they use very very early on but we have our own office sort of
partition type—we call them wall tags so that when we draw a wall you put

just a flag on it that says this is 1S49G and everybody in the office knows
what 1S49G is- so like | say when | do my estimates even at schematic
design I'm saying you’ll get my estinr@aand at schematic it will say this is a
1S49G- | go ahead and make that kind of a judgment decision and say this
partition is probably going to be rated, well obviously it's going to go from
floor to structure but it's probably going to have bat in jvaay

But you don't go in discussions with them? You make the assumptions and
go forward with that?

That's the way it's done now in theory what | think the way that it should

be done is rather than me making those assumptions they are more qualified
to make those assumptions than | am in some instances...and that's where on
a firm wide basis we all sort of need to be on the same page so that we are
embedding that information information that | need now here is the trick

is people out there selling BIM contractors and architects selling BIM to
owners and how much time it saves and how the model can be handed over
to a contractor and the contractor can extract all this informatib of it but

1 the information is not in thereand | think of myself here as a contractor

at least my perspective is similar if not the sanaand if | can’t extract what

| need out of the model then the contractor can't e#tts the guys that ar
selling it—the DPRs that are selling it to owners as this powerful tool | mean
what are they doing? They are taking the architect’'s model and they are
rebuilding it—they are rebuilding the model in a way that is useful to them

| mean that’s not effient
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