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Abstract- Construction Operations Building Information Exchange (COBie) is a rapidly 
evolving standard to capture information electronically during design and construction, to 
provide it to facility managers. COBie eliminates the current inefficient process of transferring 
massive amounts of paper documents (such as manuals, warranties and usage guides) to facility 
operators. COBIE eliminates the need for post-hoc as-built data capture and helps to reduce 
operational costs. This information is essential to support the operations, maintenance, and the 
management of the facilities assets by the owner and/or facility manager. Following 
Construction Closeout the COBie document then forms a live data set for continued use by 
facility managers to find, access, and update relevant maintenance documents.  One method for 
accumulating COBie data is to annotate Building Information Modeling (BIM) documents which 
encompass both the architecture of a structure and the properties of each sub-system such as 
doors, heating and cooling units, and fixed electronics such as projectors.  BIM documents are an 
attractive target for accumulating COBie data but BIM software such as AutoDesk RevitTM is 
complex and beyond the expertise of most construction and facility managers.  This barrier to 
wider use of COBie can be overcome by proving intuitive interfaces for non-expert users to 
search, access, modify and add data to the underlying BIM dataset.  One highly intuitive 
interface would be to allow facilities managers to “walk” through their building as Virtual 
Reality avatars.  Selection of the correct COBie object to view or modify would then be 
enormously simplified as the virtual representation in the virtual BIM building found in the same 
location as the real object in the real building.  This paper discusses the plan developed in 
collaboration with The United States Army Corp of Engineers (USACE)  -Engineering Research 
and Development Center (ERDC) – Computer Aided Drafting/Building Information Modeling 
(CAD-BIM) (ERDC CAD-BIM)  researchers and an early prototype of a virtual environment in 
which COBie annotated buildings can be imported, traversed by users in a natural and intuitive 
way and annotated with ongoing changes to COBie objects.  
 
Keywords: Virtual Reality, BIM, Web-Based, COBie, Management 
 
  


                                                 
1 University of Southern Mississippi, School of Computing, 118 College Blvd., Hattiesburg, Mississippi, 39406, and 
andrew.strelzoff@usm.edu 
2 University of Southern Mississippi, School of Construction, 118 College Blvd., Hattiesburg, Mississippi, 39406, 
and tulio.sulbaran@usm.edu 
3 United States Army Corps of Engineers, Engineering Research & Development Center, CAD-BIM Center, 
Vicksburg, Mississippi 
 







Introduction 
 
Beginning in the summer of 2009 an interdisciplinary team of students and faculty from The 
University of Southern Mississippi (USM) Schools of Construction and Computing began 
meeting with research staff from the USACE ERDC-CAD/BIM Technology Center for 
Facilities, Infrastructure, and Environment to explore possible collaboration and ways that USM 
could contribute to the CAD/BIM Center's mission as shown below: 
 


CAD/BIM  Center Mission: Coordinate the use of computer-aided design (CAD) and 
building information modeling (BIM) activities for facilities, infrastructure, and 
environment within DoD.  This coordination include setting standards, promoting 
system integration, supporting centralized acquisition, and providing assistance for the 
installation, training, operation, and maintenance of CAD and BIM systems. The 
CAD/BIM Center also directs specific applications development, promotes 
communications, development and standards, furnishes technical advice, interfaces 
with professional organizations and industry, evaluates technological developments, 
and recommends necessary CAD and BIM policy to ensure that maximum benefits are 
received from these technologies.   


 
One area for contribution by the USM team was the exploration of novel approaches and 
technologies particularly in new and expanding areas of effort.  One area of great current interest 
to USACE is Construction Operations Building Information Exchange [COBie] which is an 
extension of Building Information Modeling [BIM] to encompass the needs of the facility 
management.  


Currently exchange of information between construction managers and building managers is a 
physical exchange of paper documents. These documents contain the necessary information to 
support the operations, maintenance, and the management of the facilities assets by the owner 
and/or property manager. This is an inefficient process that involves not only the cumbersome 
exchange of mass quantities of paper (and the subsequent problems of moving and storing this 
paper), but also because the information on this paper is collected at the conclusion of a job, 
requiring that the previously created information must be updated/recreated to adhere to the 
variations to design plans that normally occur during construction and commission. [1]  


COBie solves the issue of moving and storing physical copies of paper by condensing this 
information into as a spreadsheet.  One problem remains a barrier to wider adoption of beneficial 
COBie technology ~ how to accumulate COBie data in an effective manner and how to access 
this data easily once a building is completed.  BIM documents are an attractive target for 
accumulating COBie data because BIM software is intended to coordination data related to 
building design, simulation, and construction.  A graphic showing the lifecycle of COBie data as 
part of a BIM document is shown in Figure 1. 







 
 Figure 1.  Lifecycle of COBie data which is attached to an object in a BIM document 
during   construction and is then be retrieved and updated during the useful life of the 


completed building.  
  


A BIM’s 3-D graphics of buildings and systems are generated by data that can be easily changed 
as the project develops. Most BIM software links intelligent objects together, so when a change 
is made to one object, parametric changes are made to any other objects that are linked. For 
example, if an engineer changes the height of a door, the corresponding frame and door knob 
automatically change.[2]  However, BIM software which includes both the features of an 
advanced CADD drawing software and a data repository requires a high level of training to use 
comfortably.  BIM  software such as ArchiCAD [3], shown in figure 3, is currently used most 
frequently by architects who have a great depth of experience with various types of similar 
CADD software.   
 


 
 Figure 2.  USACE ERDC Information Technology Laboratory (ITL) in ArchiCAD (with 
 permission from the ERDC CAD/BIM Center). 
 
Working with the ERDC CAD/BIM center the interdisciplinary USM team of faculty and 
students from both Construction and Computer Science have develop a plan and working 
prototype for a more intuitive COBie data entry and retrieval interface using the "Building 
Blocks" Collaborative Virtual Reality platform.  This paper describes the early development of 
Building Blocks, its use for COBie data entry and retrieval and current and future progress of the 
project. 
 
  







Building Blocks 
 
The Building Blocks platform is intended as a general platform for the development of BIM-
related collaborative applications for Architecture, Engineering and Construction (AEC). Most of 
the technical details of the implementation of Building Blocks developed at the University of 
Southern Mississippi are beyond the scope of this article but an overview of the rendering 
technology and client-server architecture is important to the plan for intuitive COBie retrieval.  
Building Blocks uses the O3D [4] scene graph engine which is a WebGL [5] implementation 
developed by Google.  O3D features hardware supported rendering in a web page as shown in 
Figure 3.  


 
Figure 3.  A Sample of O3D rendering on a web page showing high quality  


graphics and graphics card support for advanced shadowing and shading [5]. 
 


Rendering through a web page is convenient for development as both the user interface and the 
graphics engine are programmable in Javascript and hosted web pages with O3D content are 
easy to distribute to end users who will not need to install new software.  Figure 4 shows an early 
version of the Building Blocks environment running on a maximized web page with both 3D 
rendering and controls developed in Javascript.   


 
Figure 4.  The Building Blocks environment showing a mixture of ribbon controls and 3D  


          rendering coded in Javascript (models used with permission from the ERDC CAD/BIM 
Center). 







 
Building Blocks is a collaborative environment accessible through Internet with a web browser 
in which multiple users can interact and see each others' actions in the Virtual World.  This 
functionality is provided by a modularized server which currently provides replication, shared 
inventory and various load and save functions for models and entire scenes.  Each client running 
on their own browser window sends automatically messages to the server about changes of 
positions or actions such as adding an annotation to an object so that users can collaborate and 
share a single virtual space as shown in Figure 5. 
 


 
Figure 5.  The Building Blocks environment showing multiple users interacting which is  


provided by the replications server. 
 
 
Intuitive BIM Retrieval 
 
The idea of intuitive BIM retrieval is to use the Building Blocks platform for provide an avenue 
for Architects and Construction Managers to add COBie annotations and links to a BIM model 
and for Facilities Manager to be able to retrieve this information in a Virtual Reality 
representation of the actual building. In order to develop this capacity the USM team first 
developed an exporter for Revit [6] one of the most widely used BIM software packages.   The 
Revit-O3D exporter translates the 3d objects in the BIM model to JSON [7] an executable text 
format which is easily rendered by the Building Blocks client.  BIM components such as 
columns, air-conditioning units, elevators, etc as well as materials such as concrete, carpet, etc 
are translated to O3D materials so that various building elements and materials are well 
represented.  The exporter also translates the local Revit database format to MySQL[8] and 
writes out all BIM and embedded COBie information to the Building Block Server. Figure 6 
shows a diagram of the Revit/O3D exporter.   
 







 
Figure 6.  Diagram of Revit/O3D exporter showing object 3D characteristics being 
 translated to JSON and other object properties being stored in the server database.  


 
Object indexes from Revit are preserved during the export process so that each item in the virtual 
environment has a unique embedded ID number.  This number is retrieved when a user clicks on 
an item and used to query the server database.  Selection of items in the 3D virtual environment 
from a 2-diemnsional view is achieved by the O3D "picking" library which calculates a ray from 
the users current position, view and mouse click to determine which object the user intends to 
select.  BIM and COBie information such: maintenance requirements, part replacement 
specifications, finish information, etc are attached to the elements of the building which after the 
user click on them  are retrieved and displayed in the environment as a popup.  This process is 
shown in Figure 7. 


 


  
Figure 7.  Retrieval of BIM and COBie properties using embedded object IDs. 


 
Changes to COBie information can then be returned to the BIM model repository using an 
import (or round trip) tool currently under development. 
 







From this basic architecture the focus is now extending the usability of the concept with the 
following functionality: 
 
 1) In-world search by name, category, locations, users, date of entry etc... 
 2) Clickable listing of all annotations which brings the user to the proper Virtual Reality 
location 
 3) Filterable floating indicators to show embedded information 
  
Also, the use of Virtual Reality for COBie retrieval opens up many new possibilities for 
visualization of buildings during the facilities maintenance phase such as the experimental "ghost 
view" shown in figure 8 which allows users to quickly scan for information by looking (and 
walking) through walls. 
 


 
Figure 7.  Experimental "ghost view" which could be used with floating indicators  


to quickly scan for embedded COBie information. 
 
Summary 
 
Construction Operations Building Information Exchange (COBie) is a rapidly evolving and 
could be the missing link to extend the benefits of BIM to the complete project life cycle from 
conception to decommissioning by providing value information to all stakeholders without 
requiring extensive specialized training in BIM. The stakeholders can access the Building Block 
developed as part of this project using a web browser and take advantage of the BIM benefits 
with simply navigating in a virtual reality environment and selecting building elements to obtain 
additional information. Although, it is very early to be able to determine the full impact of this 
new technology, both the University of Southern Mississippi and The United States Army Corp 
of Engineers (USACE)  -Engineering Research and Development Center (ERDC) – Computer 
Aided Drafting/Building Information Modeling (CAD-BIM) (ERDC CAD-BIM) are very 
encourage with the preliminary results of the prototypes. 
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Enhancing Safety throughout Construction using BIM/VDC
 
 
 
 
 
 


 
Abstract 
Construction jobsites are some of the most dangerous workplaces. According to the Bureau of 
Labor, in 2008 1005 fatalities resulted from construction accidents, and cost industry 
approximately $11.5 billion annually. Many construction accidents could be avoided through 
better engineering and administrative controls, and improved safety training. 3D visualization 
and analyses are situated to play a critical role in enhancing safety. This paper discusses specific 
examples where BIM-enabled safety controls can be used to detect and alert designers and 
contractors to potential project hazards. If hazards are identified through simulation during the 
design phase, elimination and substitution of hazards may be substantially less inexpensive and 
easier to implement. This paper discusses the use of BIM to enhance safety for construction 
workers, building users during renovations/ expansions and building end-users. Using specific 
real-world examples this paper demostrates ways that BIM can be used to foresee potential 
construction hazards and motivates and informs future tool and process development. 
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1. INTRODUCTION 
Next to mining and agriculture, construction jobsites are the most dangerous workplaces in 
the US.  In 2008, 1005 fatalities resulted from construction accidents costing industry ap-
proximately $11.5 billion (Bureau of Labor Statistics, 2008). Many construction accidents are 
the result of improper use of personal protective equipment by construction workers. Such 
accidents highlight the fact that personal protective equipment is, generally, an imperfect and 
last resort to protect workers from work and health hazards, since its effectiveness depends 
on its adequate use by the employee. Reducing the need for personal protective equipment 
through better design solutions provides a higher level of protection to all workers by provid-
ing protection independent of worker action. As build projects increase in complexity, a 
greater need exists for successful “design-for-safety” strategies.  Incorporating design-for-
safety strategies in a project requires risk identification, analysis and assessments early in the 
design process.  Traditionally such strategies are implemented through engineering and ad-
ministrative controls. Engineering controls eliminate safety and health hazards through better 
design or process substitution. Administrative controls are changes in work procedures such 
as written safety policies and rules, with the goal of reducing the duration, frequency, and se-
verity of exposure to hazardous situations. BIM provides a powerful new platform for devel-
oping and implementing “design-for-safety” tools and methods to facilitate both engineering 
and administrative controls during design and construction.  
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For example, early in the design process, tie-off points can be included in precast concrete 
design. Perimeter guardrail protection  systems can be designed into structural steel members. 
As construction technical requirements increase, and the workforce becomes more diverse, 
effectively training construction workers to use personal protective equipment properly is a 
growing concern, particularly for immigrant workers who speak a language other than Eng-
lish. Therefore, as construction projects become more complex engineering and administra-
tive controls are becoming more critical to project success and safety.   
3D visualization and analyses are situated to play a critical role in enhancing construction site 
safety. On-going research and industry practice provide examples of successful use of BIM 
for clash-detection and circulation analysis. Building Information Modeling-enabled (BIM-
enabled) virtual safety controls can be used to detect and alert designers and contractors to 
potential project hazards. Using Virtual Design and Construction (VDC) buildings can be 
simulated at various stages of the construction process to allow engineers, architects and con-
tractors to identify potential safety and health hazards at an early stage of the project. For ex-
ample, temporary scaffolding systems can be modeled to avoid clashes and facilitate different 
construction stages of the project. If the hazards are identified during the design phase, elimi-
nation and substitution of hazards may be inexpensive and simple to implement. Furthermore, 
involving the contractor early in the design process creates a collaborative process that brings 
together architects’ and engineers’ design expertise and construction personnel field expertise 
to develop highly effective administrative and engineering controls.  
Mortenson Construction is a company committed to safety and holds it as one of its core val-
ues (Mortenson, 2010).  In this paper we use project examples from Mortenson to exemplify 
the current application of and potential for BIM to enhance construction safety throughout the 
construction process for a variety of stakeholders.  Examples include increasing worker 
safety by identify potential “pinch-points” earlier in the process; better accommodating user 
safety during renovation projects through enhanced 3D pre-planning; and insuring better 
building-user safety through better and more accessible building documentation.  The com-
pany does not claim to change their basic approach and process with regard to safety with the 
use of BIM, rather they see BIM as an additional and powerful tool used to enhance existing 
processes. Construction Management faculty at Colorado State University (CSU) are working 
directly with Mortenson Construction and other industry leaders to understand and 
accommodate the imminent transformational shift necessary in construction management 
education to evolve and facilitate better and interactive learning and understanding through 
the use of 3D visualization and BIM.  Next, we use specific real-world examples to illustrate 
these concepts and their implementation. 
 
2. CONSTRUCTION WORKER SAFETY 
Due to the nature of the construction industry workers are exposed to many hazards. To pre-
vent or minimize hazards in the field, it is necessary to optimize engineering controls through 
considerable pre-planning efforts.  In the case of either, traditional and BIM-enabled pre-
planning, Mortenson holds team meetings where various stakeholders with different roles and 
expertise collaborate to analyze the design for potential hazards.  Participants in these meet-
ings include but are not limited to: modeler, architect, construction manager, safety supervi-
sor, quality manager, subcontractors and owner’s representative. At these meetings the team 
analyses drawings, schedules and/or models for potential hazards and “pinch points” that may 
present increased risk to worker safety.  Several primary features of BIM significantly in-
crease the effectiveness of this process: the ability to model and analyze in both 3D and 4D 
(3D + time), and the increased level of communication afforded.  3D visualization increases 
the ease and level of understanding, and assessment capabilities of individuals reviewing de-







sign documents.  In particular, issues involving proximity and alignment are more readily 
identified and analyzed in 3D rather than 2D environments.  Furthermore, the ability to virtu-
ally observe rather than imagine construction sequences also serves as a powerful tool to in-
crease the understanding of the proposed construction process.  As a result, 3D and 4D mod-
els fundamentally facilitate better communication among diverse team members since such 
viewing environments reduce the amount of verbal description required to produce common 
understanding.  In sum, these features of BIM enable more effective safety planning at pre-
planning meetings. We use the following project application of BIM to illustrate this point. 
Figure 1 shows views from a 4D model for a brick veneer wall mock-up.  On this project, 
members of the VDC team virtually constructed the wall mock-up and its construction proc-
ess prior to actual construction of the physical mock-up, prior to actual construction of the 
final wall assembly.  This level of pre-planning allowed for a high degree of understanding 
and scrutiny of the construction process prior to any physical construction, either mock or in-
situ.  As Figure 1 reveals, this particular wall assembly requires a high number of scaffolding 
“round-trips.”  Members of the pre-planning team carefully analyzed this model to ensure the 
highest level of safety, ergonomics and productivity would be maintained for all workers op-
erating and working on the scaffolding both during the mock-up and final construction.  
 


  


  
Figure 1:  Screenshots illustrating a 4D model of a virtual wall assembly mock-up.  This 
model was used during pre-planning meetings to enhance communication, and identifi-
cation and analysis, of potential complications or safety risks due to the required 
“round-tripping” of the scaffolding.   
 
3. CONSTRUCTION RENOVATIONS/ EXPANSIONS USER SAFETY 
Expanding existing buildings introduces additional risks for contractors. In addition to pro-
tecting their own construction workers and sub-contractors they also have to protect building 







tenants during the construction phase. In renovation and expansion projects, building owners 
also seek to minimize inconvenience to building users and maintain their productivity while 
maximizing safety. Particularly on urban, tight, busy or high-occupancy sites, construction 
site circulation can be difficult to optimize. In these cases, BIM can be an effective tool to 
maximize safety and convenience while minimizing costs.  
 
In the example shown in Figure 2, the construction site entry was identified as a potential 
area of increased risk to both workers and community.   The first solution proposed was to 
have pedestrians avoid the construction entry and area by walking on ground-level behind the 
staging areas, adjacent to the building under-construction, to finally reach the building in op-
eration on ground level.  However, the pedestrian route initially proposed was indirect and 
brought the community closer to rather than further away from the building under construc-
tion.  By looking at the 3D BIM model, a better alternative was identified during pre-
planning.  Instead of having pedestrians circumvent the site entry horizontally, it was better to 
have them do so vertically.  The solution was an enclosed pedestrian bridge that enabled pe-
destrians to walk over rather than around the busy site entry at minimized risk. BIM was next 
used to reconcile ADA and construction traffic clearance 3D requirements. Finally, the BIM 
model was then used to successfully communicate this plan to the owner and to assist the 
owner in selecting the placement of benches and emergency telephone in the elevated, cov-
ered-walkway.  In the end, the BIM-enabled solution was not only safer, but more convenient 
for the existing building users.  While it is likely that such a solution would have been real-
ized at some point during pre-planning, construction team members feel it was identified ear-
lier and more expediently using BIM. 
 


  
Figure 2:  Using BIM during pre-planning on this renovation project, an effective solu-
tion was identified for worker and building user site-circulation safety.  By having pe-
destrians walk over rather than around the construction site entry, safety and conven-
ience were maximized. 
Construction sites are complicated systems with many elements and variables moving in 
three dimensions.  The interactive and flexible nature of BIM models are well suited for de-
veloping and testing solutions in site logistics.  Other examples include analyzing egress from 
neighbouring buildings, and virtual tests of equipment coverage and clearance for constrained 
construction sites. 
 


4. BUILDING END-USER SAFETY 
A growing area of interest for the application of BIM is as a facility management tool. To ad-
dress this opportunity, Mortenson Construction is providing a new area of services related to 
buildings operation and maintenance.  They are currently developing tools and processes to 







support “electronic maintenance and operation” (EMO) of the buildings they construct.  Tra-
ditionally, as-built drawings are provided to owners and facilities operators.  In this case, af-
ter building handover, individuals are charged with manually updating and maintaining these 
documents. As such, the value and relevance of these documents in duration and accessibility 
is limited to and relies upon on the knowledge level and familiarity of the facility operator 
with the building and the operation and maintenance documents.  In an emergency or even 
normal day-to-day operation, traditional as-built documents are inefficient and imperfect.  
While BIM modelling does not resolve all information maintenance, access and communica-
tion issues facing building operators, by using BIM fluidly during design, construction and 
operation, it has the potential to increase end-user safety. 
For example, as shown in Figure 3 as part of their EMO services, BIM was used to analyze, 
document and effectively communicate a shut-off value sequence for facility managers.  Such 
information could be used in a training or emergency situation.  The data-rich, interactive 3D 
environment the BIM provides serves as a consolidated and easily editable repository for a 
wide range of operation and maintenance information. Construction photographs can also 
embedded directly into the 3D model.  Such information can be used directly by facility man-
agers to locate hidden components, such as electrical and plumbing, during maintenance and 
repairs. A 3D interface can also provide greater access and understanding to a wider number 
of individuals in an emergency situation.  For example, firefighters might be better able to 
reliably and efficiently locate a shut-off valve based on the information contained in a BIM 
than using 2D as-built drawings, operation manuals or relying on an individual facility man-
ager.  Finally, the ability to access a BIM remotely, and over the web provides an entire level 
of supervision, analysis and security previously unavailable to building operators.   
 


 
Figure 3:  BIM supports electronic operation and maintenance (EOM) documents.  The 
building model can store information such as building photographs and shut-off value 
sequences that can be used by facility operators for training purposes or in emergency 
situations.   
 


5. CONCLUSIONS 
This paper highlights the potential for using Building Information Modeling as a method to 
enhance safety controls during building construction and operation.  3D modeling can assist 
teams identify and correct errors and omissions that may lead to safety hazards earlier in the 
design process. BIM analysis enhances team member’s ability to visualize and conceptualize 
the construction process, which reduces the range of interpretation and facilitates better 
communication and understanding among various stakeholders.  In this paper, we used spe-
cific project examples to highlight instances and opportunities for increased safety for con-
struction workers and building users both during and after construction.  Traditional construc-
tion safety strategies rely primarily on engineering controls, administrative controls and, less 







reliably, personal protective equipment.  By using BIM, safety controls which would most 
likely have been identified using these traditional strategies during pre-planning or on-site are 
frequently identified earlier and more efficiently by the project team following existing safety 
procedures but supported by new technology.  BIM is a process which provides opportunities 
to virtually analyze design, construction and operation of buildings.  As the complexity of 
these buildings continue to increase, the role of BIM in the identification, development and 
implementation of safety controls will continue to increase.  Future research will further ex-
amine the role that modeling and BIM analyses can play in both engineering and administra-
tive controls.  With more time and attention spent during pre-planning, contractors will con-
tinue to rely less and less on personal protective equipment.  In the future, there may be addi-
tional reduction on the use of administrative controls, those changes enacted on-site with the 
intent of reducing the level of risk, since the large majority of risk mitigation may shift to en-
gineering controls as identified and implemented during more robust and effective BIM-
enabled pre-planning.  
 
Future research will consist of a strategic and collaborative effort between CSU, the 
Department of Construction Management at CSU, and industry to develop an integrated 
approach consisting of hands-on learning and stand-alone lesson plans that demonstrate the 
power of BIM as a transformative process essential to industry best practices. Additional fu-
ture research will examine the role BIM and 3D visualization can play in enhancing worker 
safety training, particularly for immigrant workers who may speak a language other than 
English. 
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		Keywords



		1. INTRODUCTION

		Mortenson Construction is a company committed to safety and holds it as one of its core values (Mortenson, 2010).  In this paper we use project examples from Mortenson to exemplify the current application of and potential for BIM to enhance construction safety throughout the construction process for a variety of stakeholders.  Examples include increasing worker safety by identify potential “pinch-points” earlier in the process; better accommodating user safety during renovation projects through enhanced 3D pre-planning; and insuring better building-user safety through better and more accessible building documentation.  The company does not claim to change their basic approach and process with regard to safety with the use of BIM, rather they see BIM as an additional and powerful tool used to enhance existing processes. Construction Management faculty at Colorado State University (CSU) are working directly with Mortenson Construction and other industry leaders to understand and accommodate the imminent transformational shift necessary in construction management education to evolve and facilitate better and interactive learning and understanding through the use of 3D visualization and BIM.  Next, we use specific real-world examples to illustrate these concepts and their implementation.

		2. CONSTRUCTION WORKER SAFETY

		Due to the nature of the construction industry workers are exposed to many hazards. To prevent or minimize hazards in the field, it is necessary to optimize engineering controls through considerable pre-planning efforts.  In the case of either, traditional and BIM-enabled pre-planning, Mortenson holds team meetings where various stakeholders with different roles and expertise collaborate to analyze the design for potential hazards.  Participants in these meetings include but are not limited to: modeler, architect, construction manager, safety supervisor, quality manager, subcontractors and owner’s representative. At these meetings the team analyses drawings, schedules and/or models for potential hazards and “pinch points” that may present increased risk to worker safety.  Several primary features of BIM significantly increase the effectiveness of this process: the ability to model and analyze in both 3D and 4D (3D + time), and the increased level of communication afforded.  3D visualization increases the ease and level of understanding, and assessment capabilities of individuals reviewing design documents.  In particular, issues involving proximity and alignment are more readily identified and analyzed in 3D rather than 2D environments.  Furthermore, the ability to virtually observe rather than imagine construction sequences also serves as a powerful tool to increase the understanding of the proposed construction process.  As a result, 3D and 4D models fundamentally facilitate better communication among diverse team members since such viewing environments reduce the amount of verbal description required to produce common understanding.  In sum, these features of BIM enable more effective safety planning at pre-planning meetings. We use the following project application of BIM to illustrate this point.

		Figure 1 shows views from a 4D model for a brick veneer wall mock-up.  On this project, members of the VDC team virtually constructed the wall mock-up and its construction process prior to actual construction of the physical mock-up, prior to actual construction of the final wall assembly.  This level of pre-planning allowed for a high degree of understanding and scrutiny of the construction process prior to any physical construction, either mock or in-situ.  As Figure 1 reveals, this particular wall assembly requires a high number of scaffolding “round-trips.”  Members of the pre-planning team carefully analyzed this model to ensure the highest level of safety, ergonomics and productivity would be maintained for all workers operating and working on the scaffolding both during the mock-up and final construction. 

		3. CONSTRUCTION RENOVATIONS/ EXPANSIONS USER SAFETY

		Expanding existing buildings introduces additional risks for contractors. In addition to protecting their own construction workers and sub-contractors they also have to protect building tenants during the construction phase. In renovation and expansion projects, building owners also seek to minimize inconvenience to building users and maintain their productivity while maximizing safety. Particularly on urban, tight, busy or high-occupancy sites, construction site circulation can be difficult to optimize. In these cases, BIM can be an effective tool to maximize safety and convenience while minimizing costs. 

		In the example shown in Figure 2, the construction site entry was identified as a potential area of increased risk to both workers and community.   The first solution proposed was to have pedestrians avoid the construction entry and area by walking on ground-level behind the staging areas, adjacent to the building under-construction, to finally reach the building in operation on ground level.  However, the pedestrian route initially proposed was indirect and brought the community closer to rather than further away from the building under construction.  By looking at the 3D BIM model, a better alternative was identified during pre-planning.  Instead of having pedestrians circumvent the site entry horizontally, it was better to have them do so vertically.  The solution was an enclosed pedestrian bridge that enabled pedestrians to walk over rather than around the busy site entry at minimized risk. BIM was next used to reconcile ADA and construction traffic clearance 3D requirements. Finally, the BIM model was then used to successfully communicate this plan to the owner and to assist the owner in selecting the placement of benches and emergency telephone in the elevated, covered-walkway.  In the end, the BIM-enabled solution was not only safer, but more convenient for the existing building users.  While it is likely that such a solution would have been realized at some point during pre-planning, construction team members feel it was identified earlier and more expediently using BIM.

		Construction sites are complicated systems with many elements and variables moving in three dimensions.  The interactive and flexible nature of BIM models are well suited for developing and testing solutions in site logistics.  Other examples include analyzing egress from neighbouring buildings, and virtual tests of equipment coverage and clearance for constrained construction sites.

		4. BUILDING END-USER SAFETY

		A growing area of interest for the application of BIM is as a facility management tool. To address this opportunity, Mortenson Construction is providing a new area of services related to buildings operation and maintenance.  They are currently developing tools and processes to support “electronic maintenance and operation” (EMO) of the buildings they construct.  Traditionally, as-built drawings are provided to owners and facilities operators.  In this case, after building handover, individuals are charged with manually updating and maintaining these documents. As such, the value and relevance of these documents in duration and accessibility is limited to and relies upon on the knowledge level and familiarity of the facility operator with the building and the operation and maintenance documents.  In an emergency or even normal day-to-day operation, traditional as-built documents are inefficient and imperfect.  While BIM modelling does not resolve all information maintenance, access and communication issues facing building operators, by using BIM fluidly during design, construction and operation, it has the potential to increase end-user safety.

		For example, as shown in Figure 3 as part of their EMO services, BIM was used to analyze, document and effectively communicate a shut-off value sequence for facility managers.  Such information could be used in a training or emergency situation.  The data-rich, interactive 3D environment the BIM provides serves as a consolidated and easily editable repository for a wide range of operation and maintenance information. Construction photographs can also embedded directly into the 3D model.  Such information can be used directly by facility managers to locate hidden components, such as electrical and plumbing, during maintenance and repairs. A 3D interface can also provide greater access and understanding to a wider number of individuals in an emergency situation.  For example, firefighters might be better able to reliably and efficiently locate a shut-off valve based on the information contained in a BIM than using 2D as-built drawings, operation manuals or relying on an individual facility manager.  Finally, the ability to access a BIM remotely, and over the web provides an entire level of supervision, analysis and security previously unavailable to building operators.  

		5. CONCLUSIONS

		This paper highlights the potential for using Building Information Modeling as a method to enhance safety controls during building construction and operation.  3D modeling can assist teams identify and correct errors and omissions that may lead to safety hazards earlier in the design process. BIM analysis enhances team member’s ability to visualize and conceptualize the construction process, which reduces the range of interpretation and facilitates better communication and understanding among various stakeholders.  In this paper, we used specific project examples to highlight instances and opportunities for increased safety for construction workers and building users both during and after construction.  Traditional construction safety strategies rely primarily on engineering controls, administrative controls and, less reliably, personal protective equipment.  By using BIM, safety controls which would most likely have been identified using these traditional strategies during pre-planning or on-site are frequently identified earlier and more efficiently by the project team following existing safety procedures but supported by new technology.  BIM is a process which provides opportunities to virtually analyze design, construction and operation of buildings.  As the complexity of these buildings continue to increase, the role of BIM in the identification, development and implementation of safety controls will continue to increase.  Future research will further examine the role that modeling and BIM analyses can play in both engineering and administrative controls.  With more time and attention spent during pre-planning, contractors will continue to rely less and less on personal protective equipment.  In the future, there may be additional reduction on the use of administrative controls, those changes enacted on-site with the intent of reducing the level of risk, since the large majority of risk mitigation may shift to engineering controls as identified and implemented during more robust and effective BIM-enabled pre-planning. 
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Abstract 
In the past we taught our students how to draw, a highly individualized skill. With Building 
Information Modeling (BIM) a new paradigm has arrived. Drawings can now arise from the 
modeling of knowledge collected from partners in a collaborative process. The importance of 
personal skill is yielding to the primacy of collective knowledge. Tomorrow’s students need 
collaborative sense. Yet while the need for collaborative sense is widely acknowledged, not 
enough is taught about how to actually satisfy that need.  
Collaboration doesn’t happen by accident. Because others must be included, collaboration 
requires the careful and deliberate building up of trust. Partnerships in industries other than 
design and construction provide us with insights into how to accomplish that end. Trust arises in 
three steps: formation, implementation, and evolution. The first step, formation, is a calculation. 
The calculus can include teaming agreements, the ConsensusDOCS 301 BIM Addendum, the 
BIM Execution Plan, and nondisclosure agreements. The second step, implementation, is about 
creating mutual understanding. It is here that the protocols established in the execution plan are 
tested. If successful, understanding grows. If unsuccessful, mistrust forms. The third step, 
evolution, is about bonding. A bonding trust is the evolutionary consequence of conditions where 
stable, ongoing relationships are allowed to develop. 
Successful collaborations militate toward long-term partnering agreements. Such agreements are 
increasingly coupled with CM-at-Risk, Design-Build, and Integrated Project Delivery (IPD). 
This paper focuses upon the three steps and examines, as an academic case study, an integrated 
project delivery studio at Cal Poly, San Luis Obispo. 
Keywords 
Building Information Model (BIM), Design-Build, Integrated Project Delivery (IPD), 
Collaboration, ConsensusDOCS, BIM Addendum, BIM Execution Plan. 


 


1. INTRODUCTION 
A shared experience from our past may be that of drawing with a mechanical pencil on vellum or 
sketching with a B314 soft pencil on trace or skinny. The skill of hand-drawing is still valued but 
the need for that skill has diminished. It began to diminish in the 1980s with the rise of CAD 
products like Intergraph’s Microstation. In the 1990s Autodesk’s AutoCAD, enabled by more 
powerful personal computers, began its rise to prominence. Today those tools are giving way to 
BIM (Sabongi, 2010). We cannot know what graphic products will arrive in our future. But we 
do know that, unlike drawings, BIM is a repository of collective knowledge. Drawings can now 
arise from the modeling of collective knowledge tolled from partners in a collaborative process 
(Handler and Burdi, 2010). Thus, a trend is becoming clear: the importance of individualized 
skills is yielding to the primacy of collective knowledge.  
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BIM is not just a tool for collaboration, it is a management process. The term “Virtual Design 
and Construction” (VDC) is a better descriptor of that process. Regardless, the acronym BIM has 
come into common usage as the descriptor of both the software tool(s) and of the management 
process that enables the tool (ASC, 2010, p.1). In this paper, the acronym BIM refers to that 
underlying management process.  
The building information model provides a platform for collaboration throughout a project’s 
design and construction (AIA, 2007). Nevertheless, interposing that platform does not create 
collaboration automatically. It is important to understand what causes effective multi-
disciplinary collaboration to occur (McCuen, 2009). Collaboration is an interpersonal activity. 
Moreover, it is an interpersonal activity founded upon trust. Trust must be grown, carefully and 
deliberately. 
We can gain insight from examining strategic business alliances; an area where there is 
substantial agreement among both researchers and practitioners that the collaborative partnership 
has three steps: formation, implementation, and evolution (Lorange and Roos, 1992). There are 
analogous steps in the built environment. The first step is to impose an organizing structure. It is 
imposed in various ways, sometimes a contract, other times a teaming agreement, and still other 
times a set of shared, informal rules. The second step is where mutual understanding arises. It 
arises as the partners get to know each other and they start to understand and to predict each 
other’s behavior. If mutual understanding becomes deep enough to form a bonding-type trust, 
collaboration becomes complete and we take the third and final step; we choose to integrate our 
knowledge. The payout for a collaborative partnership is the benefit that flows from knowledge 
integration (Jackson, 2011, p.322). 
The old, adversarial design-bid-build mentality is like “trying to dance without any music – you 
can follow all the steps but somehow the rhythm is all off” (Jackson, 2011, p.325). Collaboration 
provides the music that makes you want to dance with your partner. This paper will examine the 
steps in the collaborative dance. In particular, it will examine those steps in the context of the 
BIM process. A case study examines partnerships within an Integrated Project Delivery (IPD) 
studio at California Polytechnic State University, in San Luis Obispo, California, during the 
spring quarter of 2010.  
2. INTEGRATED PARTNERSHIP 
The integrated partnership is a collaborative dance with three steps: formation, implementation, 
and evolution. Trust can grow with every step. 
2.1. Formation 
A partnership is founded upon promises and sustains itself if we make good on our promises. At 
the outset, everyone makes their own mental calculation: Will your actions be reliable enough 
for me to gain sufficient benefit from our partnership? This mental calculus not only grapples 
with whether the other party is competent enough to deliver on promises, but whether the other 
party is motivated enough to deliver (Child, et. al., 2005, p. 58). Contract language can be a good 
motivator. It may sound counter-intuitive that threats couched in contract language are the first 
step in developing trust. Nevertheless, construction projects are filled with uncertainty and risk, 
and good contracts establishes rules for our behavior under changing conditions and it apportions 
risks fairly between the partners. The quality of our relationships improves when our mutual 
expectations on uncertainty and risk are equally understood and expressed in writing. 
Fear of the loss of business reputation is another good motivator. Recent market conditions pose 







great challenges. With backlogs and margins down, firms are focusing upon efficiency and 
productivity (Schoppman, 2010). Simultaneously, they are casting a wider net by operating in 
new markets and niches (Schoppman, 2010). With ever increasing frequency, our contracting 
parties are strangers. When contracting parties are strangers, fear of the loss of business 
reputation is a very good motivator.  
Potential partners want to learn something about each other before deciding to negotiate a 
contract. A prequalification process helps. But while helpful it is insufficient to tell us what we 
really want to know: we want to know about the culture, ethics, values and judgments of our 
potential partner. Only personal experience tells us what we really want to know. Yet we have no 
personal experience with strangers, of course. So there is an information period, prior to deciding 
to negotiate, where the potential partners try to get to know as much as they can about each other 
(Child, et. al., 2005, p. 59).  
If the information gathering leaves the parties encouraged they will move into contract 
negotiations. Knowledge gained during the information period often informs the construction of 
the contract. Today, we can choose to incorporate the ConsensusDOCS 301 BIM Addendum into 
our terms and conditions (AGC, 2009).  The BIM Addendum requires the partners to “meet, 
confer and use their best efforts to agree upon the terms of or modifications to the BIM 
Execution Plan.” The BIM Execution Plan asserts, among other things, what models will be 
used, their content, the protocols for submission approval, how to incorporate additions and 
changes, what software should be use, how interoperability problems are solved, and to what 
extent we can rely on the model and it dimensional accuracy (AGC, 2009, p. 38). 
Design-build partnerships must start before construction contracts documents are negotiated so 
that they are able to work together to generate the proposal that competes for the actual 
construction business. The primary means that they use to structure their relationships is the 
teaming agreement (DBIA, 2000). But before a teaming agreement is drafted, a good design-
build team will first develop a teaming profile. The teaming profile is an assessment of the day-
to-day workers, so called “worker partners”, on the project. It focuses on compatibility, team 
alignment and cultural fit (Jackson, 2011, p.161). The teaming profile informs the execution of 
the formal teaming agreement. The teaming agreement establishes the roles, responsibilities and 
expected performance of the worker partners (Jackson, 2011, p. 161).  
A teaming agreement is a good idea not just for design-build projects but for any type of project 
where a BIM is contemplated. Any informal set of rules is helpful.  
An often overlooked area that has potential for upsetting relationships is intellectual property. 
Today, among other things, wrongful disclosures of means, methods and know-how are 
protected as trade secrets. This is highly significant because means, methods, and know-how are 
competitive advantages (Starzyk, 2010). The usual means of preventing disclosure is a license 
accompanied by a Nondisclosure Agreement (NDA). Yet NDAs are not entirely successful in 
preventing wrongful disclosure. Disclosure frequently occurs through agents, part-time 
employees, suppliers, or other third-parties whom come into contact with privileged information 
but are unaware of its secrecy. Regrettably, once information is disclosed through any means, 
even wrongful means, the law will no longer protect it. Licensing issues arise when 
subcontractors and suppliers contribute information into the BIM (Azhar et al., 2008). Thus, the 
very nature of a BIM tends to negate attempts at keeping trade secrets. Great mistrust arises from 
this reality.  







2.2. Implementation 
The implementation step is where personnel are assigned to the project, systems and materials 
are mobilized, and the work proceeds in earnest. It is here where we learn that the personnel have 
or have not the competencies that we expected; materials and systems work or work not as 
promised; trade secrets remain secret or are wrongfully disclosed; internal business cultures clash 
or not; personalities conflict or not; or values are or are not shared. Problems will occur 
whenever business partners are insensitive to each other’s cultures, personalities, or values. 
When insensitivity persists, the likelihood of establishing a collaborative partnership is 
diminished and the best that can be hoped for is some form of guarded cooperation (Tung, 1993). 
Execution plans, teaming agreements, or informal rules memorialize what we know about each 
other up to that point in time, but they are also acts of trust. We still need to make good on our 
promises.  
Even if we have a plan and make good on it, no plan can capture everything. Expectation will 
continue to change as unforeseen circumstances are encountered and risks either evaporate or 
come crashing down upon us. The BIM Execution Plan must evolve with the project. 
Technologies will change during the design and construction of any project and the plan must 
address that. Changes or additions to the governing contract must also be reflected in the plan 
(AGC, 2009, pp.33, 34). 
Project control and reporting systems play a very significant role in success or failure (Child, et. 
al., 2005, p. 60). To make this clearer, consider a hypothetical where your BIM tools do not align 
with the business processes of one of your partners. That partner might be incapable of adapting 
within the time constraints of your project. At the very least she will lag behind your other 
partners. Every other partner would find that BIM adds to her quality of knowledge. It would not 
add to the quality of the knowledge of that one partner who was struggling to adapt her business 
processes. The opportunity to grow mutual understanding is denied to her.  
There are many obstacles. But if things go well enough that we start to understand each other and 
predict each other’s actions, the uncertainty present at the beginning of our partnership starts to 
recede. As uncertainty recedes during implementation, mutually understanding grows. 
2.3. Evolution 
Evolution is not so much a step as it is the quality of the dance. A successfully working 
partnership wins the confidence of upper management who tend to grant an increasing measure 
of autonomy and legitimate decision-making power to those people who are working day-to-day 
on the project (Lyles and Reger, 1993). Empowerment and forward momentum enable the 
evolutionary process to gain traction. Stable relationships develop between worker-partners. 
They begin to identify with each other’s interests. Emotional ties and bonding can develop. It 
becomes less likely that unexpected circumstances, disappointed expectations or disputes will 
derail their partnership. 
Whatever trust develops between the upper management partners (manager-partners) arises from 
the trust that first developed between the worker-partners. But trust is not a commodity; it is an 
interpersonal phenomenon (Child, et. al., 2005, p. 62). So any trust that develops between 
workers does not automatically impute to their managers. Workers must influence their 
managers to grow trust between manager-partners. The more satisfied workers that there are on 
the project, the more influence they will have. Moreover, workers with seniority and good 
reputations prior to the project assignment will have greater influence upon their managers than 







will others. It behooves managers to minimize turnover of personnel during the course of any 
project, particularly key personnel. The more personnel that are fixed throughout the life of a 
project, the more likely that trust can evolve.  
Trust, once developed, is fragile, however. A successful project can be followed by another 
project involving the same manager-partners but different worker-partners. A failed partnership 
between worker-partners on their second project may lead to withdrawal of trust by the manager-
partners. More often, however, each project is followed by another project involving a different 
mix of designer, general contractor, and subcontractors. Relationships formed in a next project 
might undermine the relationships that we had worked so hard to establish in our previous 
project. The practice of awarding each job out to different partners is usually justified on costs 
grounds and this practice is embedded in the culture of construction. However, this practice tends 
to undermine trust. When it undermines it to the point that collaboration fails, and the lost 
opportunity cost of knowledge integration is taken into account, it may actually yield higher 
costs to award to the low-bidder. 
Complete collaboration militates toward long-term partnering agreements. The reasoning behind 
this truism is suggested in a Southwest Asia proverb, which says "The first time you share tea 
with a Balti, you are a stranger. The second time you take tea, you are an honored guest. The 
third time you share a cup of tea, you become family" (Mortenson & Relin, 2006). A 
collaborative partnership is like a family because with a family there is trust. A partnership 
should be allowed to experience several projects because sufficient trust is difficult to achieve 
between strangers. Long-term partnering agreements are increasingly coupled with CM-at-Risk, 
Design-Build, and Integrated Project Delivery (IPD). They are uncommon in the low-bid 
environment of Design-Bid-Build. If partnerships are kept intact and deployed on successive 
projects, a bonding trust can form. A bonding trust can weather a wide gamut of difficulties, 
freeing collaboration to become complete.    
3. ACADEMIC CASE STUDY 
The College of Architecture and Environmental Design (CAED) at the California Polytechnic 
State University in San Luis Obispo, California offers a multi-disciplinary course for junior and 
senior level undergraduate students from four departments within the CAED: Architecture, 
Architectural Engineering, Construction Management, and Landscape Architecture. It is taught 
by faculty from the same four departments. The course is named the Integrated Project Delivery 
(IPD) Studio. Students enjoy short lectures and informal desk critiques, augmented by site visits, 
analytical exercises, case studies, and presentations of their work throughout the term. Guest 
lecturers are also engaged, who provide topical information within their areas of specialization. 
On average, approximately 60 students enroll every quarter. 
In the spring quarter of 2010, the IPD Studio took on an infill project to benefit the City of New 
Orleans. The project was a national design competition sponsored by the U.S. Green Building 
Council’s Emerging Green Builders. For this competition, student teams from across the nation 
were invited to plan and design a compact, energy efficient, ADA-compliant, hurricane resistant, 
LEED platinum, low cost housing unit. The IPD Studio entered the competition with eight 
student teams of six members each. Teams were formed as multi-disciplinary partnerships using 
a heuristic founded on individual preferences, preferences testing (Harrison & Bramson, 2002), 
distribution of skill sets, and the personal judgment of the faculty. The teams were tasked to 
arrive at an imaginative solution while maximizing the value of planning, design, engineering, 
and construction decisions. Potential solutions were measured by quantitative judging criteria. In 







that manner, cost and schedule impacts were cast in contraposition to a wide spectrum of 
technical and social issues. Succeeding at this challenge would not have been possible without 
effective collaboration across the disciplines. 
3.1. Team vs. Partnership 
Individual teams were coached in team-building and partnering. Team coaching was 
supplemented by short group lectures. The objective was to foster critical thinking on group 
behavior by comparing and contrasting the characteristics of teams and partnerships. To that end, 
teams and partnership were identified, as follows: 
Teams have: 
• Interchangeable Members – Some teams have permanent members but the members of most 


teams are freely substituted or interchanged with other teams, such decision resting with a 
manager not on the team. 


• Inequities – Despite working together on common problems, team members are rewarded or 
held accountable for performance in different ways, some members receiving or being held 
accountable more or less than others. 


• Hierarchical Structure - Hiring, work assignment, evaluation, promotion, and termination are 
usually the responsibility of a manager not on the team. Occasionally a team is self-directed 
and autonomous but most teams are hierarchical; management direction flowing from the top 
down.  


• Individual Competencies - people are assigned to teams to fill a role for which they bring 
certain competencies. An individual’s success is a function of how well she fulfills her role 
as measured by the success of her team and the overall success of the venture.  


Partnerships have: 
• Charter Members – Membership is determined at the time that a partnership is formed. 


Subsequent removal of any member ordinarily terminates the partnership. A partner cannot 
even sell her share of the partnership without causing the dissolution of the partnership. In 
short, a partnership does not have interchangeable members.  


• Determinable Shares - Members share equally in a partnership’s assets, liabilities, profit, and 
loss, unless agreed otherwise at the time the partnership is formed. In every case the formula 
for distribution is fixed in advance and therefore determinable. 


• Flat Structure - Unless agreed otherwise at the time of formation, each partner receives one 
vote. In every case the formula for distributing voting shares is fixed in advance. 


• Compatibilities – Some partners choose each other for their mutual compatibility, others for 
their commercial utility, while still other partnerships are arranged by parent companies 
regardless of the wishes of the partners. Nevertheless, the partnership will likely exist for a 
common objective and a common objective is more likely to be achieved when the partners 
expected to achieve it are compatible. 


Few working groups identify completely as team or partnership. Most have mixed attributes. 
Nevertheless, it is important to determine whether teaming characteristics or partnering 
characteristics are in the majority. Teams tend to be more cooperative, advancing individual 
goals while minimizing interference with the goals of other teammates. Partnerships, however, 
tend to be more collaborative, establishing common goals to facilitate the integration of their 







collective knowledge. For the end of achieving knowledge integration it is more desirable for a 
group to identify as a partnership.  
The IPD studio teams possessed a mix of identifiers; some as teams, others as partnerships. 
Membership and structure identified as partnerships. Membership was fixed at the outset. The 
groups neither expected that their members would change nor did any of the groups actually 
change. On structure; leadership emerged in some groups. By-and-large these spontaneous 
leaders were reluctant to describe themselves as leaders, however. In contrast, some groups had 
no obvious leader. A few groups explicitly declined to declare a leader. All things considered, 
structures were flat, an identifier of partnership. In contrast with membership and structure, 
equity and competency identified as teams. Grading criteria and policies supported different final 
grades for different students on the same team. In the end, team members neither received the 
same grades nor should they have had any expectation that they would. On competencies: 
department-aligned competencies drove the first cut at team formation. Moreover, the students 
themselves would, for example, look to their CM for estimating and scheduling while looking to 
their ARCE for approval of a particular design choice under hurricane conditions. In short, teams 
self-identified individual competencies. This is an characteristic of teams. 
3.2. Survey 
In a beginning-of-the-quarter questionnaire, students were asked, among other things, to respond 
to the following questions: What is a team? What are the characteristics of a good team? What is 
a partnership? What are the characteristics of a good partnership?  
At the end-of-the-quarter, there were 27 responses (from a class of 48) to an exit survey posing, 
among other statements not germane to this case study, the following statements: my group had 
all of the characteristics of a good team; my group had all of the characteristics of a good 
partnership; it was easy to work with my other group members because we set clear rules from 
the beginning; I understand my other group members better now than I did at the beginning of 
the quarter; and I trust my other group members much more now than I did at the beginning of 
the quarter. To each statement, students were asked to choose from the following responses: 
strongly disagree; disagree; neither agrees nor disagrees; agree; strongly agree; or not applicable. 
Also at the end-of-the-quarter there were 27 responses to the following questions: Which type of 
group behavior is most important in this course? Good teamwork or good partnering? Students 
were asked to choose from the following responses: good teamwork; teamwork and partnering 
are equally important; good partnering; and teamwork and partnering are the same thing.  
Exit Survey results are attached in the Appendix. 
3.3. Discussion 
Student responses to the beginning-of-the-quarter questionnaire on teams and partnerships were 
notable not for their differences but for their similarities. By and large students contended that 
both teams and partnerships were groups of people who work together and who have common 
goals and responsibilities. Some students contended that teams and partnerships were the same 
thing.  
To the end-of-the quarter statement; “Which type of group behavior is most important for this 
course? Good teamwork or good partnering?” none of the students replied that teamwork and 
partnering are the same thing. 59% of students replied that teamwork and partnering are equally 
important while 22% placed more importance on teamwork and 15% placed more importance on 
partnering. 4% (one student) did not answer.  







48% of the class agreed or strongly agreed that their group had all of the characteristics of a good 
team. An identical number, 48% agreed or strongly agreed that their group had all of the 
characteristics of a good partnership. However, 19% of the class disagreed or strongly disagreed 
(and 30% remained indifferent) with the statement on partnerships, while 7% of the class 
disagreed or strongly disagree (and 41% remained indifferent) with the statement on teams. 4% 
(1 student) did not answer. Having established that students understood the distinction between 
teams and partnerships, it can be inferred that students thought that their groups were a little 
better at cooperating (teamwork) than they were at collaborating (partnering).  
To the statement; “It was easy to work with my other group members because we set clear rules 
from the beginning” A plurality, 41% were indifferent, 37% agreed or strongly agreed, and 19% 
disagreed. Because some teams set few, if any, organizing rules, the negative responses infer a 
lack of basic structure on some teams. This underscores the importance of teaming agreements, 
signing-off on written rules, or on producing some other suitable structural device.  
To the statement; “I understand my other group members better now than I did at the beginning 
of the quarter” a large majority, 89%, agreed or strongly agreed, while 7% disagreed and 4% (1 
student) did not answer. One can infer from this that team members spent enough time working 
with each other to understand and to find some predictability in each other’s behavior.  
To the statement; “I trust my other group members much more now than I did at the beginning of 
the quarter” a plurality, 42% agreed or strongly agreed, 26% were indifferent, and 22% disagreed 
or strongly disagreed. This says that for about one-half of the class, trust levels did not change, 
the growth of trust was not apparent, or trust actually declined. Trust, however, is largely an 
evolutionary process that requires multiple engagements. It is difficult to gain sufficient traction 
on a single project. The negative responses to the statement support that contention. 
3.4. Conclusions 
At the beginning of the quarter students found few distinctions between teams and partnerships. 
This changed during the quarter, likely as a consequence of critical thinking about the 
characteristics of teams (cooperative) and partnerships (collaborative). 
A majority of students felt that teamwork was at least as important as or more important than 
partnering. This suggests a preference for teaming (cooperation) as opposed to partnering 
(collaboration). 
Students thought that their groups were a little better at teaming (cooperating) than they were at 
partnering (collaborating). 
There may have been a lack of basic structure on some teams. That shortcoming would have 
adversely affected working relationships, underscoring the importance of teaming agreement, 
written rules, and other structural devices. 
Students grew to understand each other better during the quarter. That says that they invested 
sufficient time working together to find some predictability in each other’s behaviors. This 
supports the argument for keeping group membership fixed for the duration of the project. 
For about one-half of the class, trust levels did not change, the growth of trust was not apparent, 
or trust actually declined. This supports the argument that trust is difficult to grow in a one-off 
project. 
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5. APPENDIX 
 
EXIT SURVEY


Question/Criteria:
Strongly 
Disagree


Disagree
Neither Agree 
nor Disagree


Agree Strongly Agree
Not 


Applicable
Unanswered


My group had all of the characteristics of a good team? 3.70% 3.70% 40.74% 22.22% 25.93% 0.00% 3.70%
My group had all of the characteristics of a good partnership? 3.70% 14.82% 29.63% 22.22% 25.93% 0.00% 3.70%


Question/Criteria:
Good 


teamwork


Teamwork 
and 


partnering 
are equally 
important


Good 
partnering


Teamwork 
and 


partnering 
are the same 


thing


Unanswered


Which type of group behavior is most important in this course? 
Good teamwork or good partnering?


22.22% 59.26% 14.82% 0.00% 3.70%


Question/Criteria:
Strongly 
Disagree


Disagree
Neither Agree 
nor Disagree


Agree Strongly Agree
Not 


Applicable
Unanswered


It was easy to work with my other group members because we 
set clear rules from the beginning.


3.70% 14.82% 40.74% 29.63% 7.41% 0.00% 3.70%


I understand my other group members better now than I did at 
the beginning of the quarter.


0.00% 7.41% 0.00% 55.56% 33.33% 0.00% 3.70%


I trust my other group members much more now than I did at 
the beginning of the quarter.


14.82% 7.41% 25.93% 33.33% 18.52% 0.00% 0.00%


Population:
8 Architecture


11 Landscape Architecture
4 Architectural Engineering
4 Construction Management


27 TOTAL  
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Abstract 
Integrated design process (IDP) and Building Information modeling (BIM) have been recog-
nized as two approaches to address the problem of fragmentation in the construction industry. 
Adopting these processes and tools nonetheless requires drastic changes in design practices. 
The article presents one part of a research project whose ultimate aim is to develop a new 
body of knowledge, i.e. an IDP-BIM Framework. This paper focuses on a case study per-
formed in this context, including ethnographical observation of the design process of a high-
performance building: the House of Sustainable Development (HSD) in Montreal, and inves-
tigates the pertinence of the proposed sustainability strategies. For this second aspect of the 
case study, after the design was completed by the team of professionals, the design process 
was “reverse-engineered” using BIM technologies. The paper presents the results of this part 
of the case study, and aims at defining an optimal digital environment as well as a fluent 
workflow for integrated modeling.  
Looking for a holistic presentation of the project, we first created a BIM (Revit) model of the 
building. Tests for performance and interoperability were then performed for programming,  
cost-estimation  simulation of the construction process, and passive solar energy thermal and 
lighting simulations. The results of this case study underscored the following aspects: the 
usability of this software at the very beginning of the design process; interoperability and da-
ta exchange with the main BIM model; and consistency of the simulation results. Some rec-
ommendations were made to the designers of the HSD. The IDP-BIM framework was in-
formed by the findings on the workflow.  
Keywords 
Integrated design, BIM, sustainable construction. 


 
1. INTRODUCTION 
The construction industry is at a crossroads. It is under strong pressure to deliver a built envi-
ronment that is sustainable. Clients are dissatisfied by the industry’s poor productivity, low 
predictability and the inconsistent quality of its end product. Authors suggest that the con-
struction supply chain should leave behind the linear and fragmented design and delivery to 
adopt integration of practices, processes and data. They suggest various ways to achieve this 
transformation, namely to adopt Integrated Design Practices (IDP), Integrated Project Deli-
very (IPD) and/or Building Information Modeling (BIM) technologies.  


Such transformation requires generating new knowledge and discarding obsolete paradigms. 
It also demands breaking down the boundaries between specialized knowledge fields and  
creating a new relationship between research, education and industry to provide a fertile 







ground for collaboration and innovation. Furthermore, this new knowledge has to be me-
diated and normalized within a new, integrated body of knowledge.  


The paper focuses on two elements of an on-going research, i.e. the front-end of project de-
velopment, namely the project definition; and the interoperability between software packages 
that are proposed in this framework. The question raised was how the proposed process and 
technologies could improve the performance of the team in designing a high-performance 
sustainable building. First, ethnographic methods were used to observe the project definition 
process of a demonstration project for a sustainable building. Experiments were then con-
ducted using BIM technologies to leverage redefined design processes.  The objective of this 
research is to develop a beta version of an IDP-BIM framework that will be a platform for 
exchanges between the construction and the IT industry for the development of a new, inte-
grated and adaptive body of knowledge 


 


2. THE NEED FOR AN IDP-BIM FRAMEWORK 
The construction industry has been distinguished by its lack of value generation and produc-
tivity. These problems are associated with fragmentation and linear design and construction. 
The early IT solutions proposed were first focused on the integration of design practices 
through interoperability (Grilo et al., 1996). More recently, the concept of BIM was intro-
duced with the aim to automate the design process and increase productivity (Eastman et al., 
2008).  


With regard to productivity, BIM has proved to be successful for improving design develop-
ment and construction processes. Value generation, however, has not yet been properly ad-
dressed. Value is about meeting stakeholders’ needs and expectations, i.e. delivering all that 
is required and only what is required. The value generation process occurs at the front-end, 
during which most of the decisions that will determine the end result of the design process are 
taken. The integration of design processes and data could be a solution for improving value 
generation. This would require rethinking and redesigning existing design practices, creating 
a new body of knowledge describing a new integrated design and BIM process. However, 
there has been little research aimed at improving the project definition process. Moreover, 
design practices are based on procedural approaches defined by existing codes of practices.  
Professional associations do not have the ability or the will to redefine these codes. We posit 
that, in order to cope with the speed and scope of changes in existing practices of the con-
struction industry, it is essential to redefine and integrate their specialized bodies of know-
ledge. Moreover, mechanisms have to be designed to ensure that this integrated body of 
knowledge  evolves in a coherent manner. The paper presents an experiment to develop such 
mechanisms, using an approach inspired from reverse engineering to understand, analyze and 
transform design practices. This experiment is part of a larger project, undertaken in collabo-
ration with local professional associations to develop a first version of an IDP-BIM frame-
work. 


 


3. RESEARCH APPROACH & STUDIED CASE  
Developing a knowledge framework that redefines design practices is not common in the 
realm of applied research, as it is not aimed at developing this type of knowledge. With the 
necessity to cope with accelerating changes and the need for new related knowledge, innova-
tive theory and research methods have emerged in other disciplines, such as Constructive re-







search and Development Work Research. In the former, it is proposed to generate new know-
ledge about practices by challenging the existing ones using relevant theories to drive 
changes. The validation of this new knowledge is made via the industry’s recognition of its 
value. In the latter method, new knowledge is viewed as a social process that takes place 
within a specific activity, for example the design of a building. It is generated through the 
resolution of contradictions within a new work context, one that is unfamiliar to the different 
specialists involved in the activity. 


Our research mixes both methodologies. The studied case is the reverse engineering of a de-
sign process, using BIM technologies. A core aspect for the successful use of BIM is intero-
perability. Presently, technology is barely used in the front-end of the planning and design 
process. It is perceived as a barrier to creativity and as having little value (Leiserin 2010). 
New BIM technologies aimed at improving or leveraging planning and design at the front-end 
are emerging. It is our assumption that to be effective, they need to be well integrated into the 
whole of the design process. The studied case is the House of Sustainable Development 
(HSD) in Montreal, which was conceived as a highly ecological building. Situated in the 
downtown city sector, this building aspires for a LEED-Platinum certification and aims to 
serve as an educative example of sustainability in construction for the public. The building is 
presently under construction (begun 5 months ago). The HSD is a 5-floor office building, in-
cluding a restaurant on the street level and a daycare.  


An ethnographic study conducted through interviews with one of the architects and with the 
mechanical engineer of the project, showed that the main principles for sustainable construc-
tion were taken into consideration during the design process. According to the design team, 
the orientation and form of the building were virtually imposed by urban regulations. Thus, 
creating a high-performance envelope was of primary importance for the building’s low ener-
gy objective. Triple windows with argon provide a very high level of thermal isolation. A 
green roof was also designed. As for  the energy source , biomass, solar and wind energy were 
studied at the beginning of the design, but finally a geothermal system was chosen to supply 
100% of the energy for the HSD. Other ‘green’ elements were introduced into the design: a 
vegetal wall, ventilation by moving air, cement-replacement additives in the concrete, etc.  


An integrated design process was used during the conceptual phase. Design workshops were 
conducted in a collaborative laboratory. A Gating approach was successfully introduced to 
resolve alignment problems between client expectations and design professional’s proposed 
solutions (Forgues 2009). This approach also solved issues regarding the application of the 
integrated design process and its integration with the SBTools sustainability rating system. 
The framework proposed in this paper is an evolution of this Gating process. 


4.  INTEROPERABILIYT AND PROPOSED FRAMEWORK 
As asserted by Winch (2002), the management of value generation in construction projects is 
about information processing. The aim is to meet clients’ needs and requirements. It is there-
fore essential to provide a means to ensure that interim deliverables in the design process are 
aligned with these needs and requirements. According to a large research study (Standish 
Group 1994) about 60% of the causes of project failures are related to the requirements. 


Approaches such as configuration management and agile product or software development 
methods have been devised in system and software engineering to design and build complex, 
software-intensive products such as warplanes. Our proposed framework is derived from a 
combination of these methods. The framework is divided into a series of three iterations for 
which BIM tools are planned to be used for design, optimization or verification. Commercial 







off-the-shelf BIM technologies have been identified to integrate leverage planning and design 
processes during iteration. They accomplish three functions: design, simulation and configu-
ration management (Table 1).  


ITERATION TOOL OBJECT USE PURPOSE 


0 Affinity;  
D-Profiler; 
Ecotect 


Definition of needs, re-
quirements and space con-
figuration; target setting  


Defining verifica-
tion criteria for the 
Gating process 


Alignment of building 
requirements with busi-
ness needs  


1-2-3 Revit Generic building informa-
tion model 


Design   Building data for simula-
tion & verification tools 


HelioDon; 
Ecotect; 
Athena-EIE 


Strategies for passive, 
active & embodied energy  


Design optimization Minimizing consumption 
of energy & resources 


Affinity; 
Exactal 


 Design verification 
& validation 


Configuration manage-
ment & cost tracking 


3 Navisworks Coordination between 
models, 4D 


Verification of de-
sign feasibility & 
integrity  


Constructability 


Table 1: Use of BIM tools during the 3 iterations of the design process 


BIM software tools facilitate interactions between designers and clients in the design process. 
Different aspects of the project are studied, modeled, communicated and discussed. Some  
software tools (available and somewhat adopted by avant-garde practices) are proposed to be 
used in the ID workflow to tackle various aspects of building design:  


• Configuration management is an approach devised in system engineering and then applied 
in software engineering to manage requirements in complex projects. While there is no 
such practice and related software, Affinity (by Trelligence) offered characteristics that, 
combined with a gating process, can allow for a relatively effective management of the 
configuration.  


• A cost target is a common practice in leading-edge industries. A project cost target is es-
tablished at the outset. The team has to achieve the best design for this target. DProfiler 
facilitates the identification of the cost target and provides the ability to assess the real 
time cost and cash-flow impacts of various building volumes and geometries. However, a 
more appropriate tool is required to assess the evolution of costs when the design is re-
fined. Exactal provides parametric functions to assess design changes in a 3D model, 
identifying the changes and their related cost impact(s). 


• Revit (Architecture and Structure) integrated modeling was selected as the main BIM de-
sign tool because of its market share in the North American market.  


• Regarding design optimization, three software products were selected to support the team 
in devising strategies and optimizing for passive, active and embodied energy: eQuest, 
Ecotect Analysis and Heliodon. 


• One of the key problems with any construction is the lack of predictability in terms of cost 
and schedule. Problems are related to poor requirement management, poor coordination 
among design professionals and the lack of involvement of the builder during the design 







process. NavisWorks offers characteristics for testing the integrity and constructability of 
the model.  


 


The proposed IDP-framework was first introduced in an experiment involving students from 
different disciplines (Forgues and Iordanova, 2010). The process dimension of the framework 
(time-boxing the design process within three two-day iterations) proved to be quite success-
ful. Digital and BIM environments, however, seemed to hinder productivity and creativity. 
There were multiple issues related to ergonomics and the interoperability of software. This 
case study focuses on some problems of interoperability encountered during the first imple-
mentation of the IDP-BIM Framework. 


5. ASSESSING ERGONOMICS AND INTEROPERABILITY THROUGH REVERSE 
ENGINEERING  
Paper is still the most important mediating artifact for communication and exchanges within a 
design team workshop in the construction industry. It is expected that replacing paper by col-
laborative and BIM tools could improve the productivity of the project team by reducing the 
time required for descriptive or explanatory tasks (Liston et al. 2001) and streamlining the 
management of project information. In order to adopt BIM technologies for collaborative 
work, members of the project team have to recognize the added value of these new mediating 
artifacts. Their utilization has to be intuitive and should not interfere with the conversation 
that is established within the design process. The exchange of information between BIM tools 
is expected to be robust and manageable. Therefore, a mapping of interoperability was de-
vised for the HSD (Fig. 1). 







 
Figure 1: Interoperability scheme (non-exhaustive) for a BIM modeling workflow (the soft-


ware tools tested during the reverse-engineering case study are in red ) 


5.1 Reverse-engineering study of the workflow 
A reverse-engineering case study was carried out with the objective to test the possible 
workflow for a BIM model and to compare design outcomes, if relevant.  


As a preliminary stage (corresponding to the 0- iteration of the ID-framework), several sche-
matic models were created to serve as references for the design.  


1. The building was modeled in 3D using D-Profiler to test its ability for parametric 
costing. (Cost tracking using Exactal was abandoned because of the requirement to 
build a cost database.) 


2. The building’s orientation and form were studied for optimization on a schematic lev-
el within Ecotect’s Weather Tool. A link to eQuest from the DProfiler model was at-
tempted but proved unsuccessful.  


3. The program prepared by the architect on an Excel spreadsheet was loaded into Trel-
ligence Affinity software to assess its characteristics for facilitating space configura-
tion and for checking the conformity of design with the program.  


Ideally, within a flawless workflow, the already-mentioned schematic models should have 
been imported into Revit and further developed through the design iterations proposed by the 
IDP-framework.  As this was only partially possible (see further in the paper), a main BIM 







model of the building was created in Revit Architecture, based on the 2D drawings provided 
by the design team. A Revit-Structure model was already available from the design team. 
Interoperability with simulation software was tested, taking the Revit model as a basis.  A 
non-detailed Revit model was exported to gbXML and then to STL in order to be imported, 
respectively, to Ecotect Analysis and Heliodon. However, due to the heavy imported geome-
try,, it was easier to perform simulations on a simplified model recreated in the respective si-
mulation software.  


A relatively fluid 2-way interoperability was established with Affinity space programming 
software. This can only be done on a rather schematic stage, however.  


Construction simulation and clash detection software NavisWorks is well integrated with Re-
vit (Architecture and Structure) and allows for the detailed export of complex buildings. 
However, Some issues remain to be resolved with this process 


Rendering, 3D publishing or export for animations and other representations, as well as 
Google-Earth referencing can be relatively well managed from a Revit-Architecture model.   


5.2 Issues with interoperability: 
A considerable number of interoperability issues were found during the reverse-engineering 
experience with the HSD. Some are due to the immaturity of the software tools that were 
tested; others show limitations (today) in working with real complex building models. In the 
order of the tests, here are some of the inconsistencies or interoperability issues that we 
found: 
5.2.1 Database limitations:  
DProfiler does not have a link to the metric RSMeans database (even if the building can be 
modeled in metric units). Exactal requires a project cost data base to be built.  
An energy analysis was attempted directly from DProfiler through its link with eQuest. This 
proved to be impossible, due to the impossibility of using a Canadian postal code. Even with 
a zip code from a neighboring USA town, the energy analysis could not be performed (due to 
an undefined error).  
5.2.2 File-transfer limitations and conflicts 
Even if defined as a norm, the IFC (Industrial Foundation Classes) file format is not imple-
mented in the same way by the different software tools. This leads to the issue of incom-
plete/inaccurate « translations » of a model, even between software using the same exchange 
format (IFC).  
During transfer from DProfiler (via IFC) to Revit-Architecture, inconsistencies were found in 
the imported model – the parts seem to have different transformation matrices. In addition, at 
this time D-Profiler can import only 2D files, which is a limitation on 2-way interoperability. 
The 2-way interoperability of Trelligence ->Revit Architecture ->Trelligence proved to be 
good for schematic models. However, some basic elements such as ‘Lavel’ (in Revit) are not 
automatically well-mapped when translated from ‘Story’ (in Affinity). 
The link from Revit to Naviswork is robust even for very big models. There are two issues 
worth noting: (1) the different layers (materials) of a wall cannot be separated to show the ac-
tual construction process (a wall is usually not built at once, but has different construction 
work on it: i.e. brick, insulation, finishing, etc.); and (2) The object structure imported into 
Navisworks is only structured by “levels” corresponding to the Revit model, but the lower 
hierarchy is too detailed and difficult to manage. In reality, new objects have to be created in 
Navisworks by filtering and grouping the imported very-subdivided objects.  







5.2.3 Export to simulation software 
The export of real models (even schematic) to Ecotect Analysis (via gbXML) is difficult and 
often inconsistent. The building had to be re-modeled in order to perform simulations on it.   
The Revit file (even schematic), once exported through STL to Heliodon is too heavy for any 
simulations to be performed. Once again, remodeling was needed.   


5.3 Findings during the reverse-engineering process 
The BIM modeling in Revit and the combination of the Architecture and Structure files into 
Naviswork allowed for inconsistencies in the 2D drawings to be detected. Animation of the 
construction process was also performed.  
The energy simulations (solar exposure and solar heat gains) in Heliodon and Ecotect showed 
proportional results, but were not similar in values. This means that their calculation models 
are different and that the results could be used for comparison but not for the dimensioning of 
installations, for example.  


 
Figure 2: simulation of the hours of sunshine on the southern façade of the HSD: (left) with 
Heliodon, (right) with Ecotect.  
Recommendations were made to the design team concerning placement and type of solar pa-
nels and shading devices based on the models in Figure 2. 
 


6. DISCUSSION & CONCLUSION 
The BIM technologies that were selected offer many promising features for leveraging value 
generation at the front-end of the design process. Many issues remain to be resolved, howev-
er, in order to reap the benefits that these technologies have to improve value generation, the 
most important being interoperability.  
One of the expected values of BIM at the front end is to decrease the time wasted for tasks 
related to descriptions, explanations, research of information and optimization, by accelerat-
ing and streamlining information processing. This can be achieved only through seamless in-
teroperability between applications. BIM technologies proved to suffer major problems of 
interoperability that hinder the design process, whereas the proposed IDP framework was 
quite successful in accelerating the quality and speed of this process.  
It is worth mentioning that the technologies selected were not designed to be used in such a 
framework. The challenge for developers is to develop software for planning and design 
processes that do not yet exist. Software development companies are aware of this and put 
considerable effort into assuring interoperability between their own products. But the issue 
remains much more problematic when an ‘outsider’ enters into the workflow.  







The BIM field is rather new and quickly evolving, and so knowledge bases have not yet been 
established in the industry. Creating a ‘repository’ of good practices and a guide for the BIM-
design workflow would very likely be welcomed by AEC professionals. 
This paper highlights the problems regarding the interoperability of BIM technologies at the 
front-end. It also proposes research approaches and suggests a common framework to facili-
tate interactions among researchers, practitioners and software developers. The research is 
nonetheless at its early stage. Larger-scale interactions with developers of these technologies 
and practitioners will be required in future research. Variables will also have to be identified 
and measured in order to evolve and improve the framework. 
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Abstract 


 


The undergraduate curricula are typically focus-oriented and are offered under different 
departments. These programs offer the minimum amount of integration with other relevant 
disciplines, and therefore, the students and faculties have limited, if any, opportunities to 
collaborate with scholars from other programs. The direct impact of the educational system is 
reflected in the industry. The industry is suffering from fragmentation and lack of collaboration 
among the practitioners. However, a successful practice in real world requires that professionals 
with different expertise work together as a team to deliver a project.  
Building Information Modeling (BIM) offers a great opportunity for the integration of 
information and promoting collaboration across disciplines. Yet, BIM tools alone cannot solve 
the fragmentation issues. A social change and a collaborative mindset are needed to reap the 
benefits of BIM. Academia is in the best position to drive such transformation through re-visiting 
the curricula and making required adjustments. 
This paper suggests an Integrated Real Estate Program (IREP) that will utilize BIM and 
integrated practice to cross traditional college boundaries and to promote integration among 
disciplines. The IREP will be built upon the breadth expertise of faculties in design, construction, 
business, economics, engineering, law, planning, property management and other related 
disciplines. Through taking 18 credit hours from IREP, the undergraduate student of different 
disciplines could achieve a declared focus area in real estate. During the senior year, two 
capstone labs will be offered to simulate a real-world situation for students who will be working 
in a multi-disciplinary team environment.  
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Introduction 


Project delivery in the real estate industry has been suffering from fragmentation among different 
phases and project participants of diverse disciplines. These disciplines include but are not 
limited to finance and business, architecture, engineering, construction, and facility operation. 
Lack of communication and inconsistency in information shared among these multiple 
disciplines often lead to inefficiencies, increased risk of errors, increased costs, and lost 
opportunities. According to Roberts (2010), the fragmentation falls into three categories: 
1.Teams are fragmented into disconnected people, 2. Processes are fragmented into disparate 
tasks, 3. Fragmented tools are applied in lieu of integrated solutions.  
The evolution of the concept of Building Information Modeling (BIM) is in response to the 
existing fragmentation. BIM offers various applications and technologies supporting different 
tasks such as modeling, visualization, simulation, engineering analysis, integration, and 
management. Finith Jernigan in his book, BIG BIM little bim, emphasizes that BIM is not a 
software, but instead it demonstrates a combination of tools, integrative processes, and 
collaborative culture.  
The authors of this paper view BIG BIM as a combination of little bims which represents all the 
information about the facility in one single model. Integration capability of BIM technologies 
and the collaborative concept of BIM process are what differentiate BIM from the IT tools in the 
past. Thus, little bims alone without integrating into one single BIG BIM are no better than 
products generated by fragmented IT tools. BIG BIM, which is referred to as BIM in this paper, 
employs technologies and a process to promote collaboration and communication among parties, 
which ultimately leads to facility integration.  
The anti-fragmentation revolution of BIM requires a new culture and vision. Full benefits of 
BIM tools and technologies will not be manifested until the people who utilize it adopt a culture 
of collaboration, trust, and information sharing. According to Ray Lucchesi, “There are different 
rhythms of change. Technology is faster than business. Business is faster than infrastructure or 
law. We’re just beginning to adjust to the technology of BIM. You can’t move to BIM without 
the social change. That change is one person at a time” (as cited by Miller, Strombom, 
Iammarino, & Black, 2009).  
Academia must re-visit the curricula and make the required adjustment to support this social 
movement. The revised curricula would enhance the social interaction and leadership abilities of 
students who are the future generation of the industry. This is the gap that has been addressed 
throughout this paper. 


Building Information Modeling (BIM) 


BIM, the current buzzword in the Architecture, Engineering and Construction (A/E/C) industry, 
is known as a revolutionary paradigm. Various definitions have been proposed for BIM, 
describing different aspects of it. Some describe BIM as a parametric object-oriented digital 
model. The model includes different types of information such as geometry, performance, 
attributes of building components, construction process, schedule, cost, and information on 
operation and maintenance. “BIM represents buildings as digital simulations rather than just 
traditional CAD drawings or 3D geometric models” (Longitude Media, 2010). BIM helps users 
to learn about the whole building. “The idea behind a building information model is that of a 
single repository. Every item is described only once. Both graphical documents—drawings—and 







 
 


non-graphical documents—specifications, schedules, and other data—are included. Changes are 
made to each item in only one place” (Cyon Research Corporation, 2003). 
Some said that BIM is not just a tool/model; it includes processes and methodologies for creating 
a single repository platform to share the information among all stakeholders—referring to BIM 
as a verb, not a noun.  “BIM describes an activity, not an object. To describe the result of 
modeling activity, we use term ‘Building Information Model’, or more simply ‘Building Model’ 
in full”(Sacks & Barak, 2010). “At its core, a BIM based methodology is built around the notion 
of collaboration—people and systems exchanging information about a facility throughout its life 
cycle” (Jordani, 2008).  “BIM will push the industry forward by demanding that our teams learn 
to work in advanced 3D, information-driven environments, where the sharing, capture and reuse 
of knowledge is common practice and building performance is predictable from the earliest 
design phases on” (Camps, 2008).  BIM without collaboration is simply a representation tool 
such as Computer-Aided Drawing (CAD) tool. 
Through capturing information in a single database and storing it in a central platform, BIM 
enhances the consistency of information and greatly reduces the communication errors 
associated with multiple models and different databases. BIM provides excellent benefits to an 
integrated team, key among them are: (1)a common platform and a shared knowledge source for 
information; (2) a documentation tool; (3)a collaboration tool; (4) parametric; and (5) a tool for 
clash detection and constructability analysis (Pishdad & Beliveau, going to be published in 
2010).   
Likewise, utilizing BIM in education offers many benefits for process automation and 
integration. BIM can be applied across the spectrum of building design and implementation: 
conceptual design, detailed design, building analysis, construction documentation, visualization, 
etc. “As such, using BIM as an educational tool helps students learn about the whole building 
from idea to materiality. It encourages students to think beyond design, to consider cost, 
constructability, environmental impact, and so forth. It gives students a solid grounding in 
building technology, not just the manipulation of form in software” (Autodesk, 2007).  
Most importantly, BIM allows integration of information from a variety of sources and 
disciplines into one single model. This allows the students to learn about the inputs and 
information shared by other disciplines and how each piece of information contributes in 
producing the overall project, thus, preparing students for a holistic approach to building design 
and construction. As John Messner, an associate professor at Penn State argues, through utilizing 
Building Information Modeling students would learn that a building is actually a network of 
integrated systems—not isolated disciplines that exist in a vacuum (As cited in Longitude Media, 
2010).The students would also learn and practice soft skills such as team work, collaboration, 
and information exchange.  
The Integrated Real Estate Program (IREP) curriculum proposed in this paper emphasizes the 
integration and collaboration aspect of BIM processes rather than applications of BIM software 
and tools.  


Analysis of Existing BIM-related Courses  


The students today have to learn more than what the past generations did, as they need to learn 
both the traditional and the latest technological tools and skills. At first, it may sound more 
difficult; however, current technological tools and methods eliminate manual labor works to a 
great extent and thus save time, offsetting the hours required for learning these new tools.  







 
 


The subject of BIM education is currently a topic of discussion in many conferences, forums, 
workshops and academia. The key questions are to what extent BIM should be incorporated into 
current AEC curricula, at what education level, and how the current fairly overloaded curricula 
could arrange to incorporate the BIM related courses.  
Many universities are considering the inclusion of courses on BIM into their current curricula. 
They believe BIM skills provide students with a competitive advantage in a job market. The 
important aspect to consider is that students would learn the BIM concept, background, and the 
process as opposed to just a specific BIM software application-- as the tools and technologies are 
continuously evolving and they usually are not difficult to learn. As Henderson and Jordan 
(2009) also argued, “we need programs that provide students with more than facts. While 
emphasizing a well-rounded curriculum that teaches students to think independently and flexibly, 
solve complex problems, inquire, conduct research, collaborate with others, and adapt to our ever 
changing world, and programs that prepares students for leadership in their chosen professions”. 
Several BIM software companies have developed BIM curriculum: for example, Grafisoft 
created a BIM curriculum to teach BIM at University level. Also, Autodesk jointly with the U.S. 
Green Building Council (USGBC) Formal Education Committee developed a new Autodesk 
Sustainable Design Curriculum for undergraduate and graduate-level programs. The Autodesk 
educational curriculum is designed for architecture and engineering students. According to USC 
School of Architecture, professor Karen Kensek, the emphasis of the new Autodesk/USGBC 
curriculum is not on training students in the prescriptive use of BIM software for sustainable 
design; instead its main focus is to provide teaching materials for sustainable design topics and 
employs BIM to support critical thinking about green design (Longitude Media, 2010). 
Different universities have also started to develop BIM related courses/programs based on 
various approaches, the learning materials of which include: (1) BIM tools, programs, and 
technologies, e.g. the Civil & Environmental Engineering department at Carnegie Mellon offers 
several short classes on BIM, data capture technologies, and data management approaches; (2) 
BIM concepts and processes, e.g. the Technion Civil Engineering faculty council view BIM as a 
skill rather than as a tool, and thus de-emphasize the learning of any particular application 
software (Sacks & Barak, 2010); (3) BIM from both technology and process perspective, e.g. 
AGC’s BIM education program offers a series of courses on BIM background, concepts, tools, 
BIM technology, BIM contract negotiation and risk allocation, and BIM process adoption and 
integration, and Georgia Tech’s BIM course teaches BIM from a technology, design and 
building practice perspective.  
This paper suggests that academia must embrace the BIM process and the opportunities it offers 
for the integration and unification of different participants involved in project delivery. While it 
is beneficial to introduce students to different BIM applications and tools, it is more important 
that academia actually employs BIM to integrate the various disciplines involved in the real 
estate industry and simulate a real-world practice. Finally, this paper suggests the development 
of an IREP that bridges the boundaries of disciplines and unifies them under one program to 
practice the art of collaboration, communication and information sharing. Through IREP 
capstone labs, multi-disciplinary teams of students will work collaboratively on a single project 
and simultaneously gain hands-on experience with the BIM process, concepts, and applications.  
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Suggestions on Implementation of BIM in Academia 


BIM education could be provided through various forms of lectures, seminars, discussions, 
studios and workshops. BIM as a standalone course may only make sense if it is to teach the 
students about the background and fundamental information about BIM, the process, latest 
technologies, computer programs, the adoption process, legal and risk management perspectives. 
These courses could be based on lecture notes, present PowerPoint presentations, and case 
studies of BIM implementation in project delivery.  
Authors believe that teaching the BIM tools, software and programs should not be an academic 
concern. In fact, students could learn the program tools on their own through the tutorial 
provided by software providers. Students could get hands-on experience of working with the 
BIM tools through applying them to deliver their assignments for their course where those 
particular programs apply.  
It is recommended that BIM education is integrated into current undergraduate AEC curricula. 
Authors believe that potentially BIM as a standalone curriculum can be considered as a graduate 
major of study as well. The graduates of such programs would be individuals with Building 
Information Management skills which to some extent replicate the construction/project 
management skills for the virtual environment; as there might be potential need for creation of a 
new career opportunity as IT or Builder Information (BI) managers. Such position will be in 
charge of administering the BIM process, contracts, risk management, standards, supervising the 
information exchange, interoperability management, coordination of participants, maintaining 
and managing the model.  


BIM Provides the Opportunity to Cross the Boundaries of Disciplines in Academia 


“Historically, most departmental-based courses of study at the university level have emphasized 
a narrow curriculum. Typically, each department owns and teaches a separate knowledge set and 
each member of that department owns and teaches an even more narrow knowledge subset” 
(Henderson & Jordan, 2009). However, a successful practice in real life requires that 
practitioners work together as a team to accomplish a goal and deliver a project.  
Concepts of Integrated Project Delivery (IPD) and BIM offer opportunities for integration across 
disciplines in academia. IPD process and BIM tools and technologies can be employed to 
connect and integrate different programs, disciplines, and ultimately their students and professors 
to work together in a team to deliver a project that includes all the systems and components to be 
actually built.  
This paper proposes the development of an IREP program that is built around both the concepts 
of IPD and BIM. IREP would be an umbrella program and a center of integration for various 
disciplines contributing to real estate industry: business, finance, architecture, construction, 
engineering, landscape, law, natural sciences, building science, and any other related program. 


Towards Promoting a Multi-Disciplinary Team Collaboration: A Proposal on 
Integrated Real Estate Program (IREP) 


The idea of development of the IREP comes to the authors in respond to the current challenges 
of the real estate industry. Real Estate industry is run by a broad range of professions 
specializing in different areas including architecture, engineering, construction, finance, 
economics, marketing, law, etc. The great numbers of professionals involved in this diverse 







 
 


industry makes the coordination efforts a challenge; especially when one looks at the current 
fragmented industry resulting from the isolated silos of professions mirroring individual focus-
oriented educational programs. 
Due to the accreditations requirements, academic education curricula and models are generally 
focused on the specific disciplines. Thus, the graduates from these programs are individuals with 
specialized information on the field of their studies. There is limited integration among different 
disciplines and thus students have minimum exposure to other programs. Students leave the 
programs and enter into the industry with the minimum skills of communication and 
collaboration in a team-based environment consists of individuals with various specializations. 
The real-estate industry is more than ever fragile, and academicians and researchers should 
develop programs and enhance current educational models to educate more collaborative 
individuals who are willing to cross the boundaries of disciplines, and freely share knowledge 
and expertise with other professions to reach excellence.   
The proposed IREP could be offered both at undergraduate level and graduate level. However, 
the undergraduate level is the target, as at this stage the students are less likely to act focus-
oriented and are more flexible and open to collaboration with students from other programs. The 
IREP is designed as a declared area of focus for undergrads interested in the real-estate industry 
and majoring in any of the following fields of studies: business, finance, accounting, 
architecture, construction, civil engineering, mechanical engineering, electrical engineering, 
landscape architecture, planning, agriculture, natural sciences, building science, information 
management, property management, and any other related field of study.  
The suggested program will provide an overview to the interdisciplinary and multi-phases 
process of real estate development. It will cross the boundaries of different disciplines and 
integrate them into one program. The vision is to educate students on the core values of team 
building, trust, collaboration and integration to successfully deliver projects. It is envisioned that 
IREP program will ultimately result into a social change and transformation in the industry to 
save it from fragmentation and resulting inefficiencies.  
According to a recent book “The Commercial Real Estate Revolution” by R. Miller, D. 
Strombom, M. Iammarino, and B. Balck,  nine transforming keys to lowering cost, cutting waste, 
and driving change in a broken industry are: 1. Trust-Based Team Forming, 2. Early 
Collaboration, 3. Built in Sustainability, 4. Transformational Leadership, (Five tools), 5. Big 
BIM, 6. Integrated Project Delivery, 7. Trust-Based Agreements and Client-Centered Incentives, 
8. Offsite construction, 9. Workplace Productivity. These nine keys are the primarily ingredients 
elements upon which IREP curriculum will be developed.  
The students from each discipline entering the IREP should take extra 18 credit hours from this 
program in addition to their major field of studies requirements to earn a focus declared area of 
Real Estate. As shown in table 1, the 18 credit hours composes of two 3 credit hours courses at 
the freshman year, two 1 credit hour at the sophomore year, two 1 credit hour at the junior year, 
and two 4 credit hours Capstone labs at the Senior year.  
 
 
 
 







 
 


Table 1: Proposed curriculum for an Undergraduate declared focus on IREP 
Year 18 IREP credits 


Fall semesters Spring semesters 
Freshman 3 credits lecture 3 credits lab 
Sophomore 1 credit seminar 1 credit seminar 
Junior 1 credit seminar 1 credit seminar 
Senior 4 credits capstone lab 4 credits capstone lab 


 
Freshman Level: During the first semester of the freshman year, throughout a 3 credit hours 
course, the students will be introduced to the principles of real-estate practice, project delivery 
concepts, different phases of a project life cycle, activities, project participants, roles and 
responsibilities, overall process, collaboration tools such as BIM, and integrated practice. 
Throughout the second semester, the students will take a 3 credit hours lab. The students in lab 
will work in a multi-disciplinary team environment to collaboratively deliver their assigned 
projects. Case studies will be used to provide students with information on how projects are 
delivered in the real world. The lab will be designed to promote and strengthen the students’ 
collaboration and communication skills. Furthermore, students will gain hands-on-experience 
working with different BIM tools. The concepts of trust, collaboration, sustainability, leadership, 
and integrated practice are the key learning topics in this lab.  
Sophomore and Junior Level:  At sophomore year and junior year, one-credit hour seminars 
where the students will be exposed to BIM processes and technologies in more advanced level. 
The seminar courses are designed to keep the students current with the latest trends and practices 
and they follow collaborative teaching philosophy. Thus, the seminar series will be the place of 
inquiries, where students of various majors share and discuss their perspective on the topics and 
learn from the diverse points of views. Experts from various relevant disciplines, such as finance, 
architecture, engineering, construction, management, and Law either from academic departments 
or industry will participate in the development of course syllabuses and materials. BIM adopting 
process, IPD, BIM standards, contracts, various BIM applications, ownership of document, BIM 
best practices, risk management, and interoperability are some of the sample topics of discussion. 
Senior Level: During the senior year, a two-semester series of 4 credit hours capstone labs will 
be devoted to expose the students to real-world practice. The vision behind capstone lab 
experiments is to mimic a real world situation where different professions with various 
backgrounds collaborate to deliver a project. Thus, the students in capstone labs will work in a 
multi-disciplinary team environment to collaboratively deliver their assigned project.  Assigned 
projects should be designed to include different phases of a project delivery from early 
programming, planning and conceptualization phase all the way to project implementation and 
information on project operation. BIM is a good median to be used as the primary integrating 
tool and platform.  
The key purposes of the capstone labs are for students to: (1) implement their knowledge and 
skills acquired in different courses through years of studies; (2) practice team work, 
collaboration, and information sharing; (3) become prepare for real-world multidisciplinary 
practice; (4) practice integration principles and leadership; (5) utilize different BIM applications 
and experience little bims integration into a single BIG BIM; and (6) to understand the overall 







 
 


challenges associated with the real estate practice. Ultimately, the IREP will prepare the students 
for entering into the industry which is based on the broad knowledge sets and required integrity 
to sustain. 


Conclusion 


The highly focus-oriented educational curricula offered by different departments have led to 
graduates who are highly specialized but lacking the collaboration skills and ability to work in a 
multi-disciplinary team based environment. The current educational system is known as a major 
cause of the industry fragmentation. In respond to the identified gap, the IREP is proposed to 
overcome the major barrier towards integration and collaboration among different disciplines.  
The IREP is designed as a declared area of focus for undergrads interested in the real-estate 
industry and majoring in any of the following fields of studies: business, finance, accounting, 
architecture, construction, civil engineering, mechanical engineering, electrical engineering, 
landscape architecture, planning, agriculture, natural sciences, building science, information 
management, property management, and any other related field of study.  
The IREP will be developed based upon the key principles stated in “the Commercial Real Estate 
Revolution” book including BIM, IPD, sustainability, and transformational leadership. The goal 
of the IREP is to create a multi-disciplinary program where the students, faculties, and 
practitioners from different fields of study will interface, inter-relate and interact as a unified 
program. The program will be designed to educate the undergraduate students on the value of 
trust, collaboration. Latest BIM tools and process will be utilized to facilitate integration among 
the involved disciplines. 
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Designers, builders and owners are recognizing the value of having more integration in the 


design process to facilitate development of more coordinated construction documents, reduction 


of field changes as well as sustainable designs which consider overall building performance.  


Building Information Modeling (BIM) is an enabling platform that provides the opportunity to 


facilitate collaboration and information sharing in design and construction as well as in academic 


courses.  To educate students to contribute to and lead integrated design teams, it is critical that 


students gain experience during their education in integrated design projects which leverage BIM 


as a platform for collaboration.  


 


To address this need, we have instituted two new experimental courses into the curriculum at 


Penn State which focus on providing valuable educational experience in integrated design.  The 


first course is an integrated design studio facilitated through a BIM platform where 


multidisciplinary teams composed of six students (an architect, landscape architect, structural 


engineer, mechanical engineer, lighting/electrical engineer, and construction engineer) work 


together to design, analyze and plan the construction of a building in a semester long studio 


environment.  The second initiative is a two semester capstone design course series in 


architectural engineering where four students with a structural, mechanical, lighting/electrical, 


and construction emphasis work together using BIM to perform detailed analyses and design 


modifications to a building project. 


 


Spring 2010 marked the completion of the second offering of the interdisciplinary BIM 


Collaborative Studio course and the first offering of the Architectural Engineering IPD / BIM 


Capstone Project course series.  Throughout both of these courses, information was collected 


regarding the benefits and challenges that the students and faculty have encountered through the 


implementation of these experimental initiatives.  Additional assessment information was also 


collected which identify the value of the experience and the learning outcomes of the students.  


The initial offerings of these experimental courses have been very well received by students, 


faculty and industry participants.  This paper will outline the experience gained through the 


development of these courses along with the assessment data that we have compiled which show 


the importance of effective collaboration as well as the value for implementing integrated design 


courses built upon a BIM platform. 
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1. THE NEED FOR INTEGRATED BIM COLLABORATIVE STUDIOS AND 


CAPSTONE PROJECTS 


Owners, designers and contractors are exploring BIM as a way to change the design and 


construction process to produce more coordinated buildings at lower life-cycle cost with less 


risk, shorter project schedules and, potentially, facilitate more sustainable designs.  Many 


companies are actively seeking graduates who can effectively work on these types of projects.  


To meet these evolving demands of the design and construction processes universities have 


implemented a variety of courses to expose students to the new BIM software platforms.  While 


BIM is a powerful digital tool, its effectiveness can be severely limited if it is not applied in an 


efficient and collaborative process.  To this end, students should be exposed not only to the new 


software, but should also have an opportunity to utilize this new software in an integrated 


collaborative environment to design a project to meet certain specific project performance goals. 


 


Image 1: Student Final Presentation, BIM Collaborative Studio 2010
7
 


2. DEVELOPMENT OF AN INTEGRATED BIM COLLABORATIVE STUDIO
8
 


The BIM Collaborative Studio involved students and faculty from Architecture, Landscape 


Architecture and Architectural Engineering in the development of a design studio project which 


explored BIM technology as a collaborative design tool. The integrated studio focus went 


beyond just the design and construction disciplines as Dr. Samuel Hunter and his graduate 


students from Industrial Psychology collaborated to provide valuable input regarding effective 


teamwork, the development of student feedback mechanisms as well as contribute to Industrial 


Psychology’s study of creative teams. 


A major focus of the BIM Collaborative Studio has also been the Integrated Design / Delivery 


Process (IPD).  Thus the BIM Collaborative Studio is providing an opportunity for students to 


not only become proficient in new digital tools, but perhaps even more importantly, exposing 


them to a more “real world” collaborative design process. 
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 BIM Collaborative Studio student team: Hamed Aali, Nick Landiak, Neal Diehl, Steve Pfund, Alex Stough, Josh 


Winemiller 
8
 The BIM Collaborative Studio was funded by a grant from the Raymond Bowers Program for Excellence in Design 


and Construction of the Built Environment 







A small size interdisciplinary studio format was selected for the two initial offerings of this 


course (eighteen students from the Architecture, Landscape Architecture and Architectural 


Engineering departments). Tasks undertaken included: architectural, landscape and engineering 


design, energy analysis, cost estimating, scheduling, constructability, coordination and clash 


detection.  Course content also included an overview of BIM and its application to the design 


and construction process (including organizational and application challenges and potential legal 


issues), current BIM software as well as BIM trends in the design professions and construction 


industry.  The primary purpose of the second offering of this course was a design studio in which 


teams used BIM technology and collaborated to develop an integrated building design.  


Building on the “lessons learned” from the 2009 BIM Collaborative Studio (100,000 GSF 


elementary school project), the project area program this year was smaller (20,000 GSF child 


care center) and we allowed the students to design the project from a “blank sheet of paper” 


rather than approach the project as a revision to a prototype design as we had done the prior year.   


As the subject project was a real Penn State facility, we had the opportunity to involve the 


Director of Penn State Child Care as the “client” as well as the Project Architect and Structural 


and Mechanical Engineers of the actual project were available to the BIM Collaborative Studio 


teams for work sessions, feedback and project juries.  This greatly enriched the course offering, 


motivated students and was reflected on the improved student course evaluations. 


3. DEVELOPMENT OF AN ARCHITECTURAL ENGINERING IPD / BIM CAPSTONE 


PROJECT COURSE
9
 


Traditionally the Architectural Engineering 5
th


 year Capstone Project has been a two-semester 


individual project.  Students select existing projects based on criteria specific to their option 


(structural, mechanical, lighting/electrical and construction engineering).  In the fall semester the 


students become familiar with the project through detailed technical assignments.  At the end of 


the fall semester the student develops a proposal to test specific proposed modifications to the 


building’s design with the goal of improving building performance, cost and constructability. 


In academic year 2009-2010 a team based interdisciplinary IPD / BIM approach was tested as an 


alternative capstone project.  Three teams of four students (one from each of the AE options) 


were formed to study and propose alternative designs for The New York Times Building. 


4. RECRUITMENT OF STUDENTS AND FORMATION OF PROJECT TEAMS 


To test this new form of integrated BIM Collaborative studio we formed three student teams, 


each with a full complement of disciplines (Architecture, Landscape Architecture and the four 


AE options).  Our goal was to not only find eighteen students, but eighteen highly motivated 


students with at least minimal background in REVIT and other BIM platform programs.  To 


accomplish this, the course registration limit was set at eighteen and each student was admitted 


by instructor approval.  Each student submitted their academic credentials along with a statement 


as to why they wanted to take the BIM Collaborative Studio.  Additionally each student was 


interviewed prior to acceptance into the BIM Collaborative Studio course.   
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Generally the recruitment process was successful although attracting qualified well motivated 


students (and exactly three of each discipline) takes considerable faculty time for outreach and 


organization the semester prior to the studio offering.  The difficulty of scheduling classes across 


three departments, and the requirement that the architecture and landscape architects take the 


BIM Collaborative Studio as a second studio during the same semester impacted the ability to 


recruit students.  Once the BIM Collaborative Studio students were identified an eighteen 


question survey was used again this year in an attempt to form teams that hopefully would have a 


greater than average chance of successful collaborative effort.   


Two of the three BIM Collaborative Studio teams in Spring Semester 2010 worked extremely 


well together.  There was strong collaboration in these groups and they seemed to enjoy working 


together.  The third team was fairly dysfunctional throughout the semester.  Their level of 


collaboration was much less and they tended to work as individuals even during the studio 


sessions.  No clear leadership developed and communication was impaired.  It is interesting to 


note that neither of the two more successful teams appointed a leader, but rather seemed to let 


leadership evolve based on the task at hand. 


A similar approach was taken to identify students and form teams for the AE IPD / BIM 


Capstone Project.  For the first test of this interdisciplinary approach all three teams performed at 


an acceptable level and the relative performance was much more consistent than what was seen 


with the BIM Collaborative Studio (many of the AE IPD / BIM Capstone students had 


participated in the BIM Collaborative Studio the prior year).  That said each of the AE IPD / 


BIM Capstone team faced challenges to collaboration that were not dissimilar from those of the 


BIM Collaborative Studio. 


5. FACULTY AND EXTERNAL RESOURCES  


A coordinating instructor and a teaching assistant were assigned to teach and administer the BIM 


Collaborative Studio.  Additionally faculty members from Architecture, Landscape Architecture 


and Architectural Engineering attended studio work sessions and formal project reviews.  For the 


AE IPD / BIM Capstone project, in addition to the two Capstone Project coordinating instructors, 


a faculty member from each of the four AE disciplines was assigned to consult with the three AE 


IPD / BIM Capstone teams.  Interdisciplinary efforts are by their very nature, labor intensive. 


While input by jury members at presentations is valuable, there is a need for on-going discipline 


support for the students in order to gain maximum benefit from the BIM and IPD. 


By using a real Penn State facility project in the Spring Semester 2010 offering of the BIM 


Studio we were fortunate to have not only the Project Architect and Mechanical / Electrical 


Engineers, but also the Director of Penn State Child Care available to the project teams for work 


sessions, technical input and project juries.  For the AE IPD / BIM Capstone Project 


representatives from the owner and the building design consulting team were also available to 


the student teams.  A BIMWiki
10


 previously developed at Penn State was also made available as 


a resource for students in both BIM Collaborative Studio and the AE IPD / BIM Capstone 


Project. 
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Providing wide-ranging discipline support is a significant challenge for any interdisciplinary 


course offering.  To successfully facilitate this type of course however, these resources must be 


available through internal and/or external resources. 


6. STUDIO AND TEAM WORK SPACE REQUIREMENTS  


It is not only a matter of appropriate hardware and software, but also one of appropriate studio 


layout to facilitate collaborative team work.   


Face to face interaction (which in spite of digital advances is still critical to the integrated design 


process) remains somewhat of a challenge for the BIM Collaborative Studio however as none of 


the existing studio facilities are configured to effectively accommodate a multiple collaborative 


BIM team process.  During studio time it would be ideal if each team could have access to  


sufficiently powerful computers loaded with all necessary software and be able to gather around 


a large digital screen to facilitate sharing of information and interaction (for three teams this 


would require three computers and three large format screens in one studio). 


For the AE IPD / BIM Capstone Project more powerful computing hardware was available 


however we found that studio layout and the shape, size and number of conference tables also 


impacted the ability of the teams to effectively collaborate. 


7. PROJECT SELECTION 


For the initial 2009 offering of the BIM Collaborative Studio the faculty shared the concern that 


unless we found a way to “jump start” the architectural design process there was some risk the 


architect on the team might take a good portion of the semester developing the initial design 


concept.  Significant delay in establishing an architectural direction would make it difficult for 


the other team members to interact with the design process early enough to develop a sufficiently 


complex interdisciplinary building information model and integrate the work of the various 


design disciplines.  To solve this perceived problem for the 2009 BIM Studio we decided to use a 


“prototype” project design for an elementary school as a starting point. 


In observing this initial BIM Collaborative Studio offering, as well as reviewing the student 


feedback that year, it was clear the prototype approach was a source of great frustration for the 


architecture students and also possibly reduced the sense of team “ownership” of the final 


product.  Additionally it was clear the elementary school project was too large for a first time 


integrated BIM exercise.  


For the 2010 offering of the BIM Collaborative Studio during, we selected a “real” project – the 


new Penn State Day Care Center which was not only of a more manageable size (20,000 vs. 


100,000 GSF), but also allowed for invaluable contacts with the real project consultant and client 


team. 


Although the student teams were given the same project brief and area program used for the 


actual Penn State Child Care Project, the plans and details of the actual project were not made 


available to the students until late in the semester when the student designs were well 


established.   







We may have found the “perfect” project for the Spring Semester 2010 BIM Collaborative 


Studio in terms of scale, location, and close integration of architecture and landscape 


architecture. The availability of a real client, project team and detailed design information for the 


actual project greatly enriched the experience as well as provided technical disciplinary input 


that would not have been available from faculty due to other teaching / research / service 


activities.   


For the AE IPD / BIM Capstone Project the New York Times Building was selected as the 


subject project.  This landmark building proved to be an exciting, but also a very challenging 


project.  While the students did have some access to the owner and the project design team, the 


building contractor (core and shell) was no longer operating in the United States thus limiting 


valuable construction information.  As the New York Times Building was designed near the 


beginning of the “BIM revolution” existing BIM models for the project were limited in scope 


requiring the students to build the base design BIM model which was very time consuming.  


Additionally proposing changes that would impact appearance of this high profile building were 


potentially very controversial.   


8. PROJECT DELIVERABLES 


For both the BIM Collaborative Studio and the AE IPD / BIM Capstone Project semester 


schedules with deliverables were developed to guide the overall team efforts as well as the 


individual disciplines.  During the fall semester the AE IPD / BIM Capstone Project teams 


responded to specific technical assignments (discipline and team based) as well as developed 


their own team proposals to guide the work in the second semester.  During the second semester, 


the AE IPD / BIM Capstone teams used BIM as a collaborative platform to test and technically 


coordinate their proposals for improving the subject building performance.   


As the majority of the other AE students were still undertaking individual capstone projects with 


very extensive discipline based requirements, there was a tendency for some faculty members 


consulting with the BIM teams to expect that the BIM students complete the full array of the 


option requirements expected of an individual capstone project student in addition to the 


collaborative work required by the IPD/BIM approach.   For 2010-2011 more specifically 


defined deliverables along with an increased oversight by the coordinating instructors will be 


applied to try to avoid the potential for “deliverable overload”.  It is interesting to note that 


whenever work assignments are made by discipline (BIM Collaborative Studio or AE IPD / BIM 


Capstone Project) there is a tendency for students to fall into the “silo trap” rather than a “team 


first” focus.  As the AE Capstone Project is the final major project for the AE students some 


potential BIM team students have expressed reservations of having their “fate” depend on the 


performance of others. 


As a well-planned process is the key to integrated design, both the BIM Collaborative Studio and 


AE IPD / BIM Capstone Project teams proposed work flows using the BIM Execution Planning 


Guide.
11


  These workflows were updated by the teams throughout the project duration. 
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Illustration 2: Student Systems Integration Model, BIM Studio 2010
12


 


The BIM Collaborative Studio had four major presentations during the semester culminating 


with the final presentation which focused on BIM modeling and technical integration as well as 


“lessons learned” regarding integrated design process and BIM information exchange.  This final 


presentation was made to a jury consisting of the real project consulting and ownership team 


along with the University Architect and others with significant BIM project experience.  


Throughout the semester construction management students developed schedules, 


constructability reviews, value engineering analysis, site logistics plans and cost estimating input 


as well as monitored and updated the BIM Execution Plan.  After the final presentation the real 


project contractor line item cost and schedule were reviewed in detail as compared to the student 


teams’ estimates and schedules.  As an additional means of budget control, the as-designed area 


program was calculated by the project teams at each stage of design and compared in detail to 


the real area program.   


In addition to various technical assignments, the AE IPD / BIM Capstone Project teams were 


required to make a number of preliminary presentations as well as two final presentations, the 


second of which also included outside jury members.  


 


Illustration 3: Student Systems Integration / Construction Sequence Model, AE BIM Capstone 


Project, 2010
13


 


                                                           
12


 BIM Collaborative Studio student team: Hamed Aali, Nick Landiak, Neal Diehl, Steve Pfund, Alex Stough, Josh 
Winemiller 
13


 AE IPD / BIM Capstone Project student team: Chris Wiacek, Brian Cox, Peter Clarke, Erika Bonfanti 







Invited jury members provided actual project experience as well as IPD / BIM expertise and 


important “real world” commentary and feedback for both BIM Collaborative Studio and the AE 


IPD / BIM Capstone Project. 


While we only have one year of history for the AE IPD / BIM Capstone Project it was interesting 


to note that the quality, quantity and complexity of student work for the BIM Collaborative 


Studio during Spring Semester 2010 were significantly improved over the 2009 BIM 


Collaborative Studio offering.  In general, this improvement can be attributed to implementation 


of “lessons learned” from the prior year.   In particular, changing the size, type and location of 


the project (including important real client and project team discipline input) as well as allowing 


the students to create original design work (vs. modification of a prototype design) were 


significant factors in improved student work. 


9. STUDENT / TEAM PERFORMANCE AND COURSE FEEDBACK   


Surveys were developed to gain individual, team and course feedback.  For the BIM 


Collaborative Studio these surveys were conducted at mid semester and after the final 


presentation.  For the AE IPD / BIM Capstone Project these surveys were conducted at the end 


of the two semester project.   


9A. PEER AND TEAM PERFORMANCE SURVEYS 


The Peer Survey asked thirteen questions related to the individual characteristics of members of 


high performing teams.  Each student completed a peer survey for each of his/her teammates.  


Additionally each student also completed the same survey for themselves prior to receiving the 


results from their peers to allow them to compare their own perceptions of their individual 


performance vs. the perceptions of their teammates. 


The Team Performance survey consisted of twenty three questions designed to measure five 


important factors found in high performing teams (Team Vision, Participative Safety, Support 


for Innovation, Task Orientation, Task Cohesion). 


In the 2010 BIM Collaborative Studio two of the three teams worked very well together while 


the third team struggled with communication and collaboration.  There was a correlation between 


the ability of the teams to effectively work together and the quality of the student work product.   


The Peer and Team Performance Surveys also confirmed these observations and were used as 


tools to provide specific feedback and suggestions for more effective communication and 


collaboration. 


 


 


 


 


 


 







Table 1: BIM COLLABORATIVE STUDIO 2010 - SELECTED TEAM 


PERFORMANCE  QUESTIONS 
 Likert Scale: 1 = Strongly Disagree, 5= Strongly Agree 


   


 


Team 


#1 


Team 


#2 


Team 


#3 


Team Vision 4.7 4.0 4.8 


Participative Safety 4.7 3.4 4.8 


Support for Innovation 4.3 4.0 4.8 


Task Orientation 4.1 3.5 4.5 


Task Cohesion (united to reach goals) 4.5 3.7 5.0 


       Team Averages:          4.46           3.72          4.78 


The differential of performance of the three AE IPD / BIM Capstone teams was much less than 


with the BIM Collaborative Studio teams.  Accordingly the Peer and Team Performance surveys 


were more consistent.  As the surveys were only conducted at the end of the two semester AE 


IPD / BIM Capstone Project there is no data available for this course related to the trending of 


individual and team performance over the life of the project.  While the BIM Collaborative 


Studio teams were closely monitored (twice weekly two-hour studio sessions), the AE IPD / 


BIM Capstone teams were allowed to work much more independently.  While the overall team 


performance was more consistent than in the BIM Collaborative Studio, the end of project AE 


IPD / BIM Capstone surveys indicated there were a least a couple of fairly dysfunctional team 


relationships that were not apparent to the faculty with more casual observation.  Next year we 


intend to administer the Peer and Team Surveys twice each semester in order to obtain an early 


warning of team issues.  Again this points to the need for significant faculty involvement in team 


based collaborative projects. 


9B. IDP / BIM SURVEYS 


Two more surveys were developed for both courses: A ten question survey to measure the 


student’s response to the Integrated Project Design / Delivery Process and an eleven question 


survey to measure response to BIM technology. 


Table 2: BIM COLLABORATIVE STUDIO 2010 - SELECTED STUDENT IPD 


FEEDBACK QUESTIONS 


  
Likert Scale: 1 = Strongly Disagree, 5= Strongly Agree 


   


 


Team 


#1 


Team 


#2 


Team 


#3 


 “It was easier to design using IPD”  3.5 3.2  3.3  


 “Early understanding and agreement on workflows is critical to successful IPD”  3.5  4.5  4.5  


 “Understanding of “lead/lag” and interdependency is critical to successful IPD”  4.0 4.7  4.7  


 “Using IPD I gained a new understanding of other disciplines”  4.8 4.3  4.7  


 “Successfully implementing IPD should result in better coordination and fewer 


change orders”  4.8 4.7  4.7  


 


While the IPD and BIM technology survey scores for the BIM Collaborative Studio were a bit 


more random than the other Team and Peer surveys, overall these surveys also reflected the 







relative project performance of the three teams.  Results from the AE IPD / BIM Capstone 


project teams were similar. 


Findings of interest from the BIM Collaborative Studio IPD Survey: 


 All teams, particularly in the early stages of the project, found IPD to be 


somewhat difficult and more time consuming (versus designing the project on 


their own or in a smaller group). 


 “Lead / Lag” of information flow is critical 


 All learned more about other disciplines in the design process 


 All agreed that successful implementation of IPD should result in a better  design 


 
Table 3: BIM COLLABORATIVE STUDIO 2010 - SELECTED STUDENT BIM 


TECHNOLOGY FEEDBACK QUESTIONS 


 Likert Scale: 1 = Strongly Disagree, 5= Strongly Agree 


   


 


Team 


#1 


Team 


#2 


Team 


#3 


"Creating and sharing a BIM was relatively easy" 3.4 3.5 3.7 


"Sharing information from software to software was relatively easy” 2.8 3.7 3.8 


“Our actual workflows turned out to be similar to our plan” 2.4 2.3 2.7 


“BIM improved the coordination and quality of our design” 3.9 4.2 4.7 


“3D visualization and clash detection allowed for a better understanding and 


coordination of our design” 4.3 4.5 4.7 


“Using BIM enhanced our ability to produce a more sustainable design” 3.8 3.3 3.8 


“Successfully implementing BIM should result in better coordination and fewer 


change orders” 4.7 4.7 4.8 


 


Findings of interest from the BIM Collaborative Studio BIM Technology Survey: 


 All teams found that the creation and sharing of a Building Information Model was 


somewhat challenging. 


 Actual workflows turned out to be significantly different than the planned work flows 


(both of these responses likely due to relative lack of experience in collaborative BIM 


efforts).   


 All agreed that 3D Clash Detection was a powerful design tool 


 The connection between BIM and sustainable design was not as strong as anticipated 


(or should be) possibly due to workflow challenges encountered by the student teams. 


 All felt that successful implementation of BIM would result in a better quality design 


 


 


Similar findings were noted in the AE Capstone Project IPD /BIM surveys. 


 
 


 


 







9C. STUDENT COURSE FEEDBACK SURVEY 


A detailed survey of student feedback for the BIM Collaborative Studio was also conducted after 


completion of the final deliverables.  This was the same course survey utilized for the BIM 


Collaborative Studio in Spring Semester 2009 allowing for comparative data on student feedback 


data for the two years of the BIM Collaborative Studio.   


Table 4: BIM COLLABORATIVE STUDIO 2010 - SELECTED STUDENT COURSE 


FEEDBACK QUESTIONS  


  Likert Scale: 1 = Strongly Disagree, 5= Strongly Agree 


   


 


Team 


#1 


Team 


#2 


Team 


#3 


"After the BIM Collaborative Studio I am more comfortable working on multi-


disciplinary teams” 4.3 4.3 4.8 


"After the BIM Collaborative Studio I know more about other discipline roles, how 


they interface with each other and how each can collectively contribute to the 


design process” 4.3 4.3 4.5 


"The BIM Collaborative Studio helped me prepare for the “real world” of design 


and construction” 4.5 4.3 4.7 


"The BIM Collaborative Studio was a more effective learning experience than my 


previous design studios" 4.3 3.5 4.3 


 


Quantitative and verbatim student course feedback was significantly improved over the 2009 


BIM Collaborative Studio.  We believe the choice of the daycare project with smaller program 


and allowing the students to have greater control (ownership) over the project design were 


factors leading to the improved scores.   


 In general, student evaluations of the 2010 BIM Collaborative Studio were very 


favorable.  It was interesting to note that for the 2009 BIM Collaborative Studio, 


AE students tended to respond more favorably than either Architecture or 


Landscape Architecture students.  In 2010 the evaluations and scores were much 


more consistent across all disciplines with much more positive responses from 


Architecture and Landscape Architecture students.   


 AE students were somewhat frustrated by the “slow design progress”. 


Architecture students were also sometimes frustrated by having so much input 


from others in the early design phases.  The initial design process also took longer 


when there were so many people providing input.   


 The interface of software for information exchange was generally challenging.   


 Valuable lessons in team and interdisciplinary work were gained and the attempt 


to create a “more real world” design process was appreciated.   


 All felt they learned more about other design disciplines’ roles and after the BIM 


Collaborative Studio students felt much more comfortable working on multi-


disciplinary teams. 


 The “lead / lag” and work flow of the design process had to be carefully managed 


and good communication was essential.  The role of each discipline has to be well 


defined while at the same time emphasizing the overarching goal of team 


collaboration.  Students realized how dependent they were on each other to make 


progress. 







 Most students felt that the BIM Collaborative Studio was a very effective studio 


learning experience. 


 Most students felt the team and 360 degree peer surveys were helpful to 


understand teammate perceptions and improve team performance. 


 


Student feedback on the AE IPD / BIM Capstone Project course was similar although as it was 


the first offering of the BIM Capstone Project no comparative data is available. 
 


10. THE PATH FORWARD 


Hands-on integrated BIM experiences are critical to prepare students for future leadership roles 


in the rapidly changing fields of design and construction.  It is important to not only teach the 


new digital technology, but also to expose students to techniques which encourage successful 


collaboration and break down “discipline silos” as well as the compartmentalization of the 


design process. 


For students to be successful in these intense BIM collaborative learning experiences the 


students need to enter into the integrated courses with reasonably well-developed BIM program 


skills, be provided with computers and studios to support digital and team collaboration as well 


as receive significant and on-going support from faculty and outside individuals who have a wide 


range of disciplinary knowledge and experience with the Integrated Design Process and Building 


Information Modeling.  Additionally, ways must be found to overcome multi-discipline 


scheduling issues (students and faculty).   


While we have encountered a number of challenges in offering integrated BIM courses, which 


have been discussed in this paper, we intend to intensify our efforts based on lessons learned to 


improve the BIM Collaborative Studio and the AE IPD / BIM Capstone Project courses to better 


prepare our students for their future careers. 
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Abstract 
Building information modeling (BIM) has had a profound impact on the AECO industry.  It 
has forced the industry to fundamentally reexamine the way it does business. Changes have 
occured at the organizational and contractual as well as the technological level.  In order to 
respond to this change professional education programs must reexamine both the content and 
the methodology of its pedagogy.  
 
This presentation will report on one such effort.  It describes a multidisciplinary effort to use 
BIM as a common language to integrate programs in Architecture, Engineering, and 
Construction. It also suggests that BIM in conjunction with real world experience is required in 
order for students to fully grasp the inter-dependencies of the industry.  This effort is particularly 
challenging as it requires organizational, personnel and technological change. 
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1.  INTRODUCTION 


 
Building information modeling (BIM) has had a profound impact on the AECO industry.  It has 
forced the industry to fundamentally reexamine the way it does business.  In addition to the host 
of software products that have been developed, the advent of new contractual forms such as the 
ConsensusDocs and the AIA Integrated Project Delivery series is evidence of the widespread 
changes in the industry.  The insurance industry is also changing and new products are being 
developed to address the innovative organizational forms that are emerging.   
 
The changes that are occurring in industry demand a response from the academy.  If we are to 
prepare our graduates for the challenges that they will face we will need to reexamine the way 
we do business. This presentation will report on one such effort.  It describes a multidisciplinary 
effort to use BIM and experiential learning as vehicles to integrate programs in Architecture, 
Engineering, and Construction.   
 
This effort is particularly challenging as it requires organizational, personnel and technological 
change.  The organizational challenge examines the inherent difficulty in structuring a true a 
cross disciplinary program.  Issues of academic and resource ownership are particularly 
important.  The personnel challenge looks at the necessity of achieving buy in and developing 
champions in all the various disciplines.  The development of a vehicle around which the various 
actors can achieve consensus is seen to be a key to success.  Lastly the technological challenge 
involves the development of an information system that supports integration and collaboration.   
 







While this effort is, and will remain, a work in process it presents an educational model that 
reflects the dynamics that are occurring in the industry.  
 
2.  CURRICULUM / ORGANIZATION 
 
Norwich University is a small university with an enrollment of approximately 2,000 
undergraduates.  Unique to Norwich is that, despite its size, it contains programs in Architecture, 
Civil Engineering, and Construction Management.  While these programs are all housed in 
separate Schools, the need for efficiencies, dictated by the size of the programs, has required that 
each School offer ‘service’ courses for the others.  The combination of service courses coupled 
with relatively small number of faculty has moderated the silo effect that is so common in the 
industry and academia. 
 
The initial movement towards a cross-functional curriculum involved the Construction 
Engineering Management program which was established in 2007.  From its inception in 2005 
the program was envisioned as an inter-disciplinary experience. The functional silos and litigious 
attitude that exist in industry were identified as major contributors to the well documented 
inefficiencies with which the industry struggles.  The academic silos, in which most AEC 
professionals trained, were seen as a major contributor to the structure of the industry.  By 
training the CEM students with architectural and engineering students it was believed that the 
‘separation by a common language’ (Oscar Wilde or Bertrand Russell) syndrome might be 
overcome.  At the same time CURT (Construction Users Round Table) was becoming a 
powerful voice of the owner in demanding change to our inefficient, litigious industry.  
Coincidentally, the use of BIM was at an inflection point and was poised to enter a phase of 
rapid growth.  
 
The curriculum is still evolving but at the present time students interact with their AEC 
counterparts in the following courses.   
 
Introduction to Engineering   CEM/ ENG 
Fundamentals of Design   CEM/ ARCH 
Surveying      CEM/ ENG 
Site Development    CEM/ ENG 
Passive Environmental Systems  CEM/ ARCH 
Materials     CEM/ ARCH 
Construction Practices   CEM/ ENG 
Structures I and II    CEM/ ARCH 
Active Environmental Systems I and II CEM/ ARCH 
Construction Accounting and Finance CEM/ ARCH/ ENG 
Capstones     CEM/ ARCH/ ENG 
 
As can be seen from the list, while there is significant interdisciplinary activity involving CEM, 
the interaction between ARCH and ENG is minimal. In addition those courses where all three 
disciplines interact are limited.   
 







In order to develop a common language to integrate all three disciplines we needed to introduce a 
common element.  That element is building information modeling.  BIM is introduced early in 
the curriculum and serves as a common platform that allows communications and handoffs 
between various courses and disciplines.  However, the fact that we have the ability to conduct 
integrated projects does not guarantee that BIM will be implemented as more than 3D CAD.  As 
described previously, this does not address the fundamental fragmentation of the industry.  In 
order to accomplish this goal we needed to combine the language with tangible action.  To 
borrow from the jargon of finance (Warren Buffet) we needed to develop a process that resulted 
in the students and professors having ‘skin in the game’.    
 
3. PROJECTS/ PEOPLE 
 
Common among the AEC disciplines in higher education is the desire to inculcate students with 
the value of design, craftsmanship, problem-solving, work ethic, and the ability to adapt to 
change. A standard pedagogy adopted by many educators is to simulate real-world experiences 
through classroom-based vignettes that are designed to illustrate and abstractly replicate real-
world situations. Although these exercises have value, the safety net of academia is omnipresent 
and it weakens the learning experience. Recognizing this limitation, many AEC programs try to 
further this by including design/build coursework that involves students in the hands-on reality 
of conceptualizing, designing, and ultimately fabricating a building, or large-scale object. While 
the value of this real-world experience is widely acknowledged, the student may come to under 
value it because the all-pervading academic safety-net limits the potential of their personal 
investment. 
 
Despite the fact that BIM has been fundamental in increasing multidisciplinary practice, its role 
in how AEC related disciplines learn from each other in an academic environment remains 
missing. Although BIM can introduce students to the role that various disciplines play in the 
making of a building, it doesn’t provide an actual sense or appreciation of the intellectual, 
physical, or emotional investments that each discipline makes toward the creation of the finished 
building or product. In order to achieve this, the intellectual safety-net must be removed and the 
reality of complex teamwork introduced.  
 
A true multidisciplinary environment in higher education offers an opportunity for inter-
collegiate dialogue. The value of this goes beyond that of the traditional designer/builder/owner 
relationship by bringing all three parties together in a loose, but genuine temporary corporation. 
Not unlike current AIA Integrated Project Delivery (IPD) documents that clarify 
owner/designer/builder relationships, the inter-collegiate multidisciplinary design/build approach 
takes advantage of the inherent interest by all departments in the successful outcome of the 
project. It’s not surprising that mutual respect and mutual benefit are the two first essential 
principles listed as critical to success in AIA’s IPD documents. These two characteristics also 
allow the intercollegiate multidisciplinary design/build pedagogy to work well in introducing 
AEC students to the greater contexts of their discipline.  
 
The challenge we faced was the development of a project that was easily understandable and 
valuable to the university faculty, was capable of being accomplished by an integrated team of 
students, and also had the real world sense of urgency that moved it beyond the realm of an 







academic exercise.  Our first effort in this regard focused on the Associated Schools of 
Construction Design Build competition.  We assembled a team of Architectural, Engineering and 
Construction students to participate in the competition.  In reviewing the outcomes we felt that 
the completion functioned well in developing a sense of urgency and interdependency.  BIM 
functioned well as a common language; however, there was still a lack of skin in the game.  
 
During a meeting of interested faculty from Engineering, Architecture, Management, Political 
and Environmental Sciences the Energy Mobile Building Arts Research Center (EMBARC) 
emerged.  The Project involved the conversion of a 20 foot shipping container to a solar powered 
laboratory that would act as a mobile education venue.  The EMBARC will be deployed to 
schools across the state and by its intrinsic structure and experimental agenda introduce students 
to research in sustainability and environmental sciences.  The project addressed the interests of 
all the participants and created champions and ownership across the University. 
 
A team of professors along with 8 student interns from Architecture, Engineering, and 
Construction committed to working on the project during the summer.  The university provided 
initial funding as the first part of a larger grant.  Further funding would be dependent upon the 
success of the project.  In addition a commitment was made that the project would be unveiled at 
convocation.  The project had a ten week Design/ Build time frame.  The students and the faculty 
had skin in the game. 
 
With the tight schedule the team recognized that a common language would be critical for 
success. While BIM is currently used throughout the curriculum the degree of competency varied 
within the disciplines. Therefore the first week of the project was devoted to an intensive Revit 
workshop.  For many of the faculty and the students this was their first intensive experience with 
the software.  The time constraints required that the project be a condensed design/ build 
experience with design produced on a just in time basis.  However, the productivity of the 
student interns had been over estimated and as a result the project proceeded on more of a 
simultaneous rather than JIT design/build.  An interesting result of this condensed approach was 
that the students were required to translate design into construction in real time.  They were also 
able to experience the interdependencies between the various ‘trade’ items.  Most importantly 
they learned the interdependencies of the various disciplines.  The project would not be 
successful unless they all worked together.  At this point in time, while the project is 
substantially complete the BIM model is still a work in progress. 
  
The emotional, intellectual, and physical rigor being offered by the design/build team as well as 
the owner/client is concretized for the students in projects like these because the client is 
integrated, not abstracted. The level of reality and consequence brings a tone of seriousness and 
professionalism to program, and allows students to see each other’s roles and the contribution 
and significance that each discipline makes toward the project.  A clear indicator that the safety 
net has been removed from under the students is when the lines drawn between disciplines get 
blurry; a construction management student designs a door, an architect lays out a business plan.  
 
4. TECHNOLOGY 
 
The successful development of an inter-disciplinary program can only be accomplished when the 
IT infrastructure supports the efforts.  An infrastructure that only supports ‘lonely BIM’ will 







result in lonely professionals.  They will be separated by that common language.  Despite 
technical proficiency they will not have learned to function in the cross functional environment 
so critical to the industry.  Isolated computer labs reinforce academic silos.  As we proceeded 
with the development of an integrated curriculum we concurrently worked on the development 
of an integrated IT architecture, based on a virtual computing environment. Placing an 
architecture that supports the BIM in a virtual environment exploits the data sharing benefits of 
cloud computing, which is defined by Gartner as “...a style of computing where massively 
scalable IP-related capabilities are provided as a service across the Internet to multiple external 
customers.” (Miller, C., 2009)  Placing shared elements of BIM architecture in the cloud 
facilitates modeling, enhances process, encourages and supports collaboration, increases 
scalability, reduces costs and improves data sharing. 
 
There are two components to establishing a virtual BIM environment that may be supported 
separately. The first component is the research and development activity, including 
customization of the OGC architecture, leading to a pilot BIM in the cloud project using virtual 
systems to create the cloud and various departments within the organization (engineering, 
architecture, building management, etc.) to simulate a user community. The deliverable of this 
component is a roadmap for creating a BIM in the cloud service provider. 
 
The second component is software testing and virtualization.  In this component software 
applications that could be appropriate for a BIM in the Cloud implementation are tested for 
compatibility with cloud computing and, if so, are virtualized for use in a virtualized 
environment such as VMWare ESX or vSphere.  The deliverables for this component are final 
architecture designs for each product and an ISO image of the application and a 
virtualization/cloud computing guide if appropriate. Because of the size and complexity of most 
BIM-related applications, compatibility certification is a necessary step to virtualization. 
The virtual environment is extremely flexible and cost-effective. However, it can have 
limitations.  For example, the amount of memory available for video RAM may be limited 
beyond that which is optimal for high resolution graphics.  In this case it may be preferable to 
use a high resolution monitor and desktop computer with considerably more video RAM than is 
available for the virtual system.  When using this approach the virtual computer created within 
the virtual system (called a virtual machine or “VM”) cannot be addressed using the usual 
method of connecting to it as a remote desktop.  It simply is used to distribute application 
software instances and to provide sharable storage facilities. 
 
For high-compute applications it is preferable to use a high performance computing (HPC) 
cluster. HPC systems combine the computing power of multiple servers running a special 
operating environment.  For organizations using Microsoft applications it may be useful to 
deploy Microsoft’s HPC server operating system.  
 
One does not interact directly with the HPC cluster.  Rather, one delivers instructions to it and it 
computes the result and returns the final product to the user’s computer.  So, if a user wanted to 
design a 3D model of a building, the user would design the building on his or her desktop or VM 
computer.  Once the user has completed the design, he or she would send it to the HPC cluster, 
which would compute the solid model.  Upon completion of the compute process the HPC would 







deliver the finished model to the user’s computer where the finished solid model would be 
displayed. 
 
At present the optimal BIM implementation is a combination of virtual systems and HPC 
clusters. Most work is done on the VMs.  This may include estimating, wire frame design and 
other collaborative tasks.  When it comes time to perform a high compute function, such as solid 
modeling, the project is sent to the HPC cluster.  The HPC cluster performs its work and sends 
the finished product back to the user.  This may be an iterative process until the project is 
complete.  
 
All elements of the project, from project management through design and rendering, may be 
completed in the VM/HPC environment.  Further, the entire process may be collaborative.  
Engineers, architects, constructors and owners can have access to their parts of the process as 
well as to those group pieces that must be shared.  This adds to efficiency, reduces costs and 
improves time to completion of the project through collaboration and data sharing. 
 
5. CONCLUSION 
 
Building Information Modeling has had and will continue to have a profound effect on the 
AECO industry.   Educational institutions need to review their curriculum and pedagogy to 
reflect the demands that will be placed on their students.  The inclusion of BIM in the curriculum 
is a necessary but not sufficient action.  BIM has affected both the technological and the 
organizational aspects of the industry.  Lonely BIM while providing a skill set will not prepare 
students for the new challenges that will face them.  Projects that build on the common language 
are necessary.  An approach that results in ‘skin in the game’ is necessary.  Lastly the IT 
infrasrtructure needs to support the language and the projects.  Implementing the software 
without an appropriate architecture will limit the potential of both. 
 
The appropriate pedagogy is an evolving target.  The importance of the project as a translation 
tool from the virtual to the real world was only understood as a result of  the miscalcultion of 
student productivity.  However, it was a fortutios miscalculation.  As the industry evolves we 
need to be open to the learning that occurs.  We need to develop the abiity to change and adapt.  
We have institionalized techniques that are 50 and sometimes 100 years old.  We need to guard 
against the same tendency with technology.  While the value of Virtual Design and Construction 
is unquestioned it is still evolving as is the translation to actual design and construction.  
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Abstract 
Construction education needs to embrace the opportunities and overcome the challenges pre-
sented by Building Information Modeling (BIM) to remain current and relevant.  Although a 
growing number of university architecture, engineering and construction (AEC) programs 
have begun to offer courses that include BIM content, few programs have strategies in place 
to fully integrate BIM across curriculum. This paper presents Colorado State University’s 
(CSU) Construction Management Department’s approach to promote BIM-enabled learning. 
Fundamental to this effort is balancing student and industry desires and faculty domain ex-
pertise, while leveraging industry support and guidance. This paper presents the authors’ de-
velopment of exploratory teaching modules and preliminary research findings to better un-
derstand and evaluate the contribution of BIM to students’ educational experiences.   
The role of BIM as both tool and method in education and industry is not yet fully understood.  
Industry leaders understand that BIM requires new working processes and are eager to leve-
rage BIM in the education of their future employees. Our pilot program plans to include a 
course that focuses on the modeling aspects of BIM as a software tool, and currently focuses 
on the development of “BIM teaching modules” to demonstrate the power of BIM processes 
across construction management practices. These modules, being developed in collaboration 
with industry, highlight how BIM impacts best practices and core competencies in a range of 
applications, while not changing the underlying principles of construction. Through on-going 
investigation and pilot implementation, the authors seek to understand and accommodate the 
imminent transformational shift in construction management education and evolve curricu-
lum to facilitate better learning and understanding through the use of BIM.  
 
Keywords 
BIM, curriculum, learning environments, construction management 


 
1. INTRODUCTION 
Nearly 50% of the construction industry is using BIM today. Industry members are generally 
enthusiastic and propose that BIM can provide better project construction outcomes, reduced 
errors, omissions and conflicts, and assist business development. Employers who currently 
use BIM seek students capable in and comfortable with BIM processes, but do not require 
software expertise. The effective inclusion of BIM into the construction education curriculum 
will be critical in the preparation of future employees for industry (McGraw Hill, 2009). Edu-
cational institutions currently lack strategies and capabilities to effectively introduce and lev-
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erage BIM into existing or future coursework.  Proper training currently presents a significant 
hurdle on the path to increased adoption of BIM in industry (McGraw Hill, 2008). 
Until recently architecture programs have led in the implementation of BIM into curriculum 
with engineering and construction programs lagging significantly behind.  Sabongi and Arch 
from Minnesota State University recently conducted an exploratory study of members of the 
Associated Schools of Construction. Of the 119 universities and colleges polled, 45 re-
sponded.  Only 9% of respondents currently address BIM in their coursework. Less than 1% 
teach BIM as a stand-alone class. Reported problems of implementation include: no room in 
the current curriculum for additional classes (82%), the impossibility of adding additional 
required or elective classes and still graduating in eight semesters (66.7%), problems with 
faculty having the time or resources to develop a new curriculum (86.7%), and the availabil-
ity of BIM specific materials and text books for use by the students (53.3 %) (Sabongi and 
Arch, 2009).  
On-going efforts to incorporate BIM into construction management curriculum currently 
documented in literature include the use of BIM software in an undergraduate capstone class 
at Auburn University in Alabama. Construction students at Auburn are required to learn a 
BIM software package of their choosing and complete their capstone project schedules and 
estimates accordingly.  Students report a greater ability to communicate with team members 
from their adjoining architecture department, as well as a greater overall ease in completing 
the entire project (Taylor, Liu, and Hein, 2008). Additional research studying this use of BIM 
for educational purposes reports that students gain greater understanding of construction divi-
sions, most particularly mechanical, electrical, and plumbing due to BIM’s ability to detect 
clashes and provide visual details (Azhar, Sattineni, and Hein, 2010). 
Other research documents the use of BIM by the construction management department at 
California State University, Chico for homework assignments in cost estimating.  Results of 
the research conclude that the use of BIM increased the overall speed and accuracy in which 
estimating students completed a quantity take-off assignment. The author of the study, how-
ever, recognized that lab skills particular to the BIM software will offer the greatest challenge 
to the students, and that the overall success of using BIM in construction education is still 
unknown (Gier, 2008). 
While limited initial research regarding the use of BIM in construction management educa-
tion suggests promise and potential, current educational efforts struggle to meet industry or 
academic expectations. Results of several university studies demonstrate dissatisfaction 
among students and educators with the advancement of technology based curriculum devel-
opment; especially BIM (Sylvester and Dietrich, 2010; Sabongi and Arch, 2009).  
To address this challenge, the Construction Management (CM) Department at Colorado State 
University (CSU) is currently piloting a program to test a strategy for the wide-spread adop-
tion of BIM across its construction management curriculum.  In a united effort, six faculty 
members, each with different domain expertise, are serving as co-PIs overseeing research and 
implementation of the following two stage strategy: 
 


 Replace the Department’s existing CAD class with a BIM class at the freshman level. The 
course objectives will be to introduce students to the techniques and capabilities of a spe-
cific modelling program, and to arm them with basic BIM modelling skills.  


 Develop and integrate BIM teaching modules into numerous upper level courses (e.g., 
structures, estimating, safety, scheduling, construction methods) to demonstrate BIM’s ef-
fectiveness as a new working process. Include recurring opportunities to apply basic BIM 
modeling skills in a variety of applications through these teaching modules while high-







 
 


lighting industry best-practices and innovative opportunities. Leverage information in 
model databases to streamline communication and reduce redundancy in class exercises. 


This paper discusses faculty motivation, summarizes student input, outlines academic mate-
rial development, and presents preliminary student feedback for this strategy. 
 
2. STUDENT INPUT 
In spring 2010, the authors administered a survey that included 133 respondents (juniors and 
seniors) to seek the input of students with respect to the incorporation of BIM into the De-
partment of Construction Management’s curriculum. The survey explained that the Depart-
ment is in the process of incorporating BIM and asked the students how to best accomplish 
this integration.  The question presented the following three options to the students and also 
encouraged the students to provide approaches other than these options if they thought those 
approaches to be better: 
 


1. Create a standalone BIM course that discusses all different uses of BIM with a focus on 
the use of software  


2. Add BIM modules to the existing courses to discuss how BIM is relevant to the subjects 
presented in those courses, or  


3. A combination of the two approaches mentioned above. 
 


A majority (62%) of the students chose option (3) suggesting that a standalone BIM course 
offered as a lower level class would introduce the BIM concept and the BIM software. Ac-
cording to the students, this course would enable them to learn how to use the software at a 
simple level, mainly as a modeling/drawing tool. Students, further, suggested that this course 
could replace the existing CAD course. Students suggested that after taking this course and 
learning basic software skills, they should be exposed to BIM modules in specific higher 
level courses to expand their understanding of how BIM can be implemented to improve dif-
ferent aspects of construction management. Students noted that this approach would keep 
them updated with the software as well since they will be exposed to BIM and BIM software 
in these modules offered throughout their college tenure. Students also mentioned that this is 
the reason why BIM standalone course should replace the CAD course; i.e., they forget the 
CAD software since they do not use it after their freshman year. It is also important to note 
that a few students, along with the approach above, suggested adding a BIM capstone course. 
This way, students would first learn the software in a standalone BIM course, then understand 
the application of BIM and BIM software through the BIM course modules, and finally get a 
chance to fully utilize BIM in a capstone course that brings everything together.   
The creation of a standalone BIM course (1) was the second choice of the students (29%). 
The main reason that these students did not want BIM modules was that they believe that ex-
isting courses already cover a significant amount of information; and adding BIM modules 
would make those courses overloaded. Only 9% of the students selected option (2), adding 
BIM models to existing courses only.  
 


3. PILOT IMPLEMENTATION FOR CONSTRUCTION CURRICULUM 
Efforts are underway in to implement option (3), a combination of creating a stand-alone 
course and adding BIM teaching modules across existing coursework.  This paper reports on 
preliminary efforts involving the development of BIM modules for individual core curricu-
lum classes and does not focus on the addition of an introductory, stand-alone, BIM course 
since this stage of the strategy has yet to be implemented. To date, BIM-enabled teaching 







 
 


modules are under development for core construction management courses with a focus on 
structures, mechanical, electrical and plumbing (MEP) coordination and sustainability.  Addi-
tional courses under consideration for the development of teaching modules include: pre-
construction, cost estimating, scheduling, contracts, and material and methods.   
Development of these modules is partially supported by direct academic-industry partner-
ships. Significant support has been provided by Mortenson Construction through the Morten-
son Faculty Scholar program and consecutive grants from CSU’s Institute of Learning and 
Teaching (TILT).  In kind support  also includes on-going access to TILT’s educational re-
sources and expertise in e-learning software such as Abode Captivate, licenses and training 
from various software companies, and BIM models supplied by GE Johnson Construction 
Company and KL&A Engineers. 
The primary objective for the BIM teaching modules is to enhance educational communica-
tion effectiveness by employing visual and interactive teaching techniques to illuminate core 
concepts while, simultaneously motivating and exposing students to new BIM-enabled work-
ing processes and industry opportunities. The modules rely on leading construction compa-
nies’ pioneering experience to demonstrate the impact of BIM-based processes in construc-
tion practice. However, rather than recounting example case studies, these teaching modules 
are carefully crafted to explore and illuminate core concepts such as information inputs and 
outputs to critical analyses and decisions.   
As a 3D modelling platform, BIM provides a robust environment for exploration and visuali-
zation. An example of leveraging BIM to explore and visualize core concepts exists in teach-
ing the basic connection types in structures. Traditional structures classes use pencil diagrams 
to denote and distinguish the properties of a roller, versus a pin, versus a fixed connection 
(Figure 1, a).  At CSU, as at several other leading construction management programs, educa-
tors may also have access to fabricated “steel sculptures,” demonstration steel structures that 
materially depict numerous common steel connections for direct observation and inspection 
by the students in a laboratory environment (Figure 1, b).  This allows students not only to 
“touch and feel,” but also to directly experience steel connections in 3-dimensions.  A limita-
tion, of course, is that access to such a steel sculpture if existent, is limited to the laboratory 
and laboratory hours. In addition, the sculpture is fixed and unalterable. Finally, this demon-
stration of a connection cannot be directly integrated into other student projects or applica-
tions.   
An additional exploration and visualization method to support the teaching of the fundamen-
tals of a pin connection is an editable and analyzable 3D-BIM model (Figure 1, c).  Benefits 
include, expanded and remote access, interactive viewing through fly-throughs and rotatable 
models.  Finally, the BIM model can be modified, and analyzed using its associated proper-
ties, and may be integrated to additional student work.  
Figure 1 illustrates these different, but complementary teaching techniques that can be used to 
more effectively illuminate the core principles in construction management, in this case a pin 
connection in a structures class. 
 
   
  







 
 


    


   
Figure 1:  Complementary communication techniques to illustrate the fundamental 
principles of a pin connection in structures. A)  a traditional line diagram used to repre-
sent a pin connection in calculations and analysis B) a photograph of a pin connection 
materially constructed in an instructional steel sculpture available at select universities 
C) a three-dimensional rotatable and interactive computer model of a pin connection. 


3D platforms provide an enhanced opportunity for teaching and communication.  A primary 
challenge for educators using such techniques is the logistics of introducing, implementing 
and maintaining such software platforms in the construction management classroom.  Infor-
mation Technology (IT) departments across universities strive to serve a variety of complex 
and changing classroom needs.  However, even when technical support exists, for many fac-
ulty members learning and remaining current with BIM software presents an unattractive and 
challenging additional responsibility. 
To meet this challenge, CSU is developing our BIM teaching modules using Abode Captivate 
software (Adobe, 2010). This is a program capable of creating a rich electronic learning ex-
perience that produces software demonstrations, interactive simulations, branching scenarios, 
and quizzes outside the original, native software platform. Once created using the native BIM 
software or other software packages, published products are stand-alone, software independ-
ent, and executable using an Abode flash player.  Such an approach relieves professional 
educators of the burden of software management and training thus addressing one of the ma-
jor obstacles facing educators wishing to implement BIM and reducing the real and perceived 
time, effort, and interest required to stay current with individual software. In addition, these 
stand-alone, viewable modules relieve the student of needing direct access to potentially ex-
pensive software and computer equipment, as well as provide the opportunity for remote 
learning environments. Once published, the educational material supports a range of formats 
including on-line or in-class delivery. The development of these modules collaboratively be-
tween industry and academia enables the leveraging of state-of-the-art modelling skills and 
examples available in industry with the unique teaching expertise provided by educators.  The 
intended result is to deliver the highest quality educational experience to the students. 
Several teaching modules are currently under development.  Under close supervision and 
content management from educators but using primarily industry models and modelers, the 
teaching modules are tailored to be high quality participatory exercises accompanied by stu-
dent assessments.  They highlight process-based best practices as well as incorporate funda-
mental educational principles. In this effort, CSU faculty and students are working directly 
with industry to incorporate process diagrams, war- stories, dynamic 3D models, cost impli-
cations, and interactive exercises to creatively illustrate BIM as a working process for com-
plex, real-world projects. 
As a tool, BIM requires fundamental domain knowledge. For example, Figure 2 is a screen-
shot from a pilot teaching module under development where students simulate interactions 
with BIM software to apply core structural concepts.  Figure 2 shows an instance in the learn-
ing module where a student must enter the equation: 
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steel tonnage modeled (tons) = 490 (lb/cf) * material volume (cf) / 2000 (lb/ ton) 
To enter such an equation, a student must know that steel weighs approximately 490 lbs per 
cubic foot and that 1 ton = 2000 lbs, facts and figures that are otherwise included in the core 
concepts of the class. Students must also be able to distinguish this software input from 
common industry practice, which references steel in lbs/lf. Further development of the mod-
ules includes elements of direct student assessment of their level of knowledge regarding ba-
sic facts and figures. This knowledge encapsulates the same input and output information that 
would be required in a more traditional student exercise with the advantage of an interactive 
learning environment and potential for automated grading. 
  


Figure 2:  An interactive learning module under-development at CSU where students 
interact with simulated BIM-based applications of real-world construction projects.  
These modules are created using Adobe Captivate and are executable in Abode flash, 
making access software independent and zero-cost to students. Such a learning envi-
ronment provides expanded and interactive opportunities for students to apply and ex-
plore fundamental construction specific domain knowledge. The example screen shot is 
from a teaching module demonstrating steel structural design priniciples. 


An important benefit of independence from native BIM software is to increase the opportuni-
ties for dissemination of the educational material while decreasing, or nearly eliminating ad-
ditional software costs.  
 
4. STUDENT FEEDBACK 
In an effort to better focus and understand the student viewpoint on learning the new and 
complex information presented in construction management, exploratory research was done 
at CSU. Four CSI categories, concrete, masonry, metals, and woods and plastics, were in-
cluded in the study of material and methods students based on teacher experience with stu-
dent learning experiences. Students were asked about their perceptions of the impact the use 
of 3-D models in the classroom had on their understanding of course material. This was done 
using data comparisons from students exposed to one of three presentation methods in differ-







 
 


ent sections of the same materials and methods course. The results of this study found signifi-
cant difference exists between the students concerning the perceived impact that the 3-D 
computer models had on their understanding of the masonry and metals teaching unit when 
tested at the .05 level. The importance of results like these will help focus limited resources in 
the areas that impact student learning.  
 
5. CONCLUSION 
Construction management programs across the country seek to integrate BIM into their curri-
culum.  Motivations include desire by faculty to enhance student learning environments uti-
lizing effective communication and visualization techniques; student desire to learn current 
design and analysis tools and methods; and desire shared industry and academia to expose 
students to emerging BIM-enabled workflows, and industry best practices.  CSU is piloting a 
two stage strategy to integrate BIM across construction management curriculum: establish an 
introductory BIM software course and develop stand-alone teaching modules for integration 
into a variety of core courses including, but not limited to structures, mechanical, electrical 
and plumbing (MEP) coordination, sustainable design and construction, pre-construction, 
cost estimating, scheduling, contracts, and material and methods.  Initial feedback is promis-
ing. Students and faculty alike see benefits to utilizing 3D learning environments in the class-
room.  Furthermore, the use of Abode Captivate allows the learning modules to be platform 
neutral and relieves much of the IT burden members while minimizing learning curves and 
logistics for faculty and students as well as cutting costs and expanding access. The content 
of each teaching module is being carefully crafted to teach core construction concepts while 
showcasing leading industry best-practices rather than serve as mere software tutorials.  The 
interactive and visual nature of the modules engages a high level of spatial cognition and crit-
ical thinking among students. Future research will include further development and refine-
ment of additional teaching modules, and perform more comprehensive cross curriculum as-
sessment of the impacts of such a strategy. 
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		Abstract

		Construction education needs to embrace the opportunities and overcome the challenges presented by Building Information Modeling (BIM) to remain current and relevant.  Although a growing number of university architecture, engineering and construction (AEC) programs have begun to offer courses that include BIM content, few programs have strategies in place to fully integrate BIM across curriculum. This paper presents Colorado State University’s (CSU) Construction Management Department’s approach to promote BIM-enabled learning. Fundamental to this effort is balancing student and industry desires and faculty domain expertise, while leveraging industry support and guidance. This paper presents the authors’ development of exploratory teaching modules and preliminary research findings to better understand and evaluate the contribution of BIM to students’ educational experiences.  

		The role of BIM as both tool and method in education and industry is not yet fully understood.  Industry leaders understand that BIM requires new working processes and are eager to leverage BIM in the education of their future employees. Our pilot program plans to include a course that focuses on the modeling aspects of BIM as a software tool, and currently focuses on the development of “BIM teaching modules” to demonstrate the power of BIM processes across construction management practices. These modules, being developed in collaboration with industry, highlight how BIM impacts best practices and core competencies in a range of applications, while not changing the underlying principles of construction. Through on-going investigation and pilot implementation, the authors seek to understand and accommodate the imminent transformational shift in construction management education and evolve curriculum to facilitate better learning and understanding through the use of BIM. 

		Keywords



		1. INTRODUCTION

		Nearly 50% of the construction industry is using BIM today. Industry members are generally enthusiastic and propose that BIM can provide better project construction outcomes, reduced errors, omissions and conflicts, and assist business development. Employers who currently use BIM seek students capable in and comfortable with BIM processes, but do not require software expertise. The effective inclusion of BIM into the construction education curriculum will be critical in the preparation of future employees for industry (McGraw Hill, 2009). Educational institutions currently lack strategies and capabilities to effectively introduce and leverage BIM into existing or future coursework.  Proper training currently presents a significant hurdle on the path to increased adoption of BIM in industry (McGraw Hill, 2008).

		Until recently architecture programs have led in the implementation of BIM into curriculum with engineering and construction programs lagging significantly behind.  Sabongi and Arch from Minnesota State University recently conducted an exploratory study of members of the Associated Schools of Construction. Of the 119 universities and colleges polled, 45 responded.  Only 9% of respondents currently address BIM in their coursework. Less than 1% teach BIM as a stand-alone class. Reported problems of implementation include: no room in the current curriculum for additional classes (82%), the impossibility of adding additional required or elective classes and still graduating in eight semesters (66.7%), problems with faculty having the time or resources to develop a new curriculum (86.7%), and the availability of BIM specific materials and text books for use by the students (53.3 %) (Sabongi and Arch, 2009). 

		On-going efforts to incorporate BIM into construction management curriculum currently documented in literature include the use of BIM software in an undergraduate capstone class at Auburn University in Alabama. Construction students at Auburn are required to learn a BIM software package of their choosing and complete their capstone project schedules and estimates accordingly.  Students report a greater ability to communicate with team members from their adjoining architecture department, as well as a greater overall ease in completing the entire project (Taylor, Liu, and Hein, 2008). Additional research studying this use of BIM for educational purposes reports that students gain greater understanding of construction divisions, most particularly mechanical, electrical, and plumbing due to BIM’s ability to detect clashes and provide visual details (Azhar, Sattineni, and Hein, 2010).

		Other research documents the use of BIM by the construction management department at California State University, Chico for homework assignments in cost estimating.  Results of the research conclude that the use of BIM increased the overall speed and accuracy in which estimating students completed a quantity take-off assignment. The author of the study, however, recognized that lab skills particular to the BIM software will offer the greatest challenge to the students, and that the overall success of using BIM in construction education is still unknown (Gier, 2008).

		While limited initial research regarding the use of BIM in construction management education suggests promise and potential, current educational efforts struggle to meet industry or academic expectations. Results of several university studies demonstrate dissatisfaction among students and educators with the advancement of technology based curriculum development; especially BIM (Sylvester and Dietrich, 2010; Sabongi and Arch, 2009). 

		To address this challenge, the Construction Management (CM) Department at Colorado State University (CSU) is currently piloting a program to test a strategy for the wide-spread adoption of BIM across its construction management curriculum.  In a united effort, six faculty members, each with different domain expertise, are serving as co-PIs overseeing research and implementation of the following two stage strategy:

		This paper discusses faculty motivation, summarizes student input, outlines academic material development, and presents preliminary student feedback for this strategy.

		2. STUDENT INPUT

		In spring 2010, the authors administered a survey that included 133 respondents (juniors and seniors) to seek the input of students with respect to the incorporation of BIM into the Department of Construction Management’s curriculum. The survey explained that the Department is in the process of incorporating BIM and asked the students how to best accomplish this integration.  The question presented the following three options to the students and also encouraged the students to provide approaches other than these options if they thought those approaches to be better:



		3. PILOT IMPLEMENTATION FOR CONSTRUCTION CURRICULUM

		4. STUDENT FEEDBACK

		5. CONCLUSION

		6. ACKNOWLEDGEMENTS

		7. REFERENCES






Education Thread
Date Day Session Time Title Speaker


7‐Dec Tue 100 8:30 ‐10:00 am Academic Best Practices I: Implementing BIM into the Higher Education Curriculum  


‐ Curriculum Wide BIM Implementation


1
Towards Promoting A Collaborative Mindset: Reaping the Benefits of Big Building Information 


Modeling (BIM) in an Integrated Real Estate Program
Pardis B. Pishdad, Ph.D. Cand.


2 Integrated Design Courses Using BIM as the Technology Platform Robert Holland


3 Cross Functional BIM Michael Puddicombe


4 Integrating BIM into Construction Management Education Caroline M. Clevenger


  5 BIM in Todays Undergraduate Curriculum Allan D Chasey


Panel Discussion by All Presenters  Yvan Beliveau


  10:00 ‐10:15 am Break


200 10:15‐11:45 am Academic Best Practices II: Implementing BIM into the Higher Education 


Curriculum  ‐Integrated Design Studio Courses with BIM


6 Team Processes and Dynamics Demonstrated in Interdisciplinary BIM Teams Tamera L. McCuen


7
Collaborative Term Project between Worcester Polytechnic Institute & Boston Architectural 


College 
G. Salazar


8
Integration of curriculum between computer graphics technology (CGT) and Building 


construction management (BCM)
Daphen Koch


9 Integrated Design Studio Utilizing a Multidisciplinary Design Team Jon Allen Gardzelewski


  10 Bringing Together ‘A’, ‘E’ and ‘C’ in a Problem‐based Collaborative Studio Carrie Sturts Dossick


Panel Discussion by All Presenters 


noon‐1:15 pm Lunch


300 1:15‐2:45 pm Academic Best Practices III: Implementing BIM into the Higher Education 


Curriculum  ‐Focused BIM Courses


11 Teaching BIM Code Compliance through Interdisciplinary Student Collaboration Tulio Sulbaran,Ph.D


12 BIM in Integrated Learning Environments for Construction: The Students' Perspective Mojtaba Taiebat


13 Collaborate, Adapt and Innovate Alexandra Pollock


  14 Enhancing Student Learning of MEP Coordination through the use of BIM  Thomas M. Korman


Panel Discussion by All Presenters  Ki‐hong Ku


2:45‐3:00 pm Break


400 3:00‐4:30 pm Academic Best Practices IV: Implementing BIM into the Higher Education 


Curriculum  ‐ BIM Course Modules / Activities


15
Using BIM Scheduling Simulations (4D) in an Undergraduate Construction Management 


Course to Assess “Means and Methods” Knowledge
Brad Hyatt


 
16


Industry‐Academia Collaboration to develop a BIM‐based MEP Coordination Educational 


Module 
Caroline M. Clevenger


 
17 Integrating BIM into the MEP construction management curriculum Daphene Koch


 
18 Integration Of Safety In Design Through The Use Of BIM R. Raymond Issa


Panel Discussion by All Presenters 


8‐Dec Wed 500 8:30‐10:00 am From Research to Practice I‐ Technology Transfer


3
Using the Knowledge Transfer Partnership model as a method of transferring BIM and Lean 


process related knowledge between academia and industry: A Case Study Approach
P. Coates


4 Achieving Building Energy Efficiency using as‐built BIM Jeong‐Han Woo


5 LEED Education and Training Using Building Information Modeling Wei Wu


6
Preliminary Requirements for the Use of BIM tools in the Design and Construction of 


Formwork in the Mexican Construction Industry
Sergio Alvarez‐Romero


600 3:15‐4:45 pm From Research to Practice II‐ Technology Transfer


1  BIM and Virtual Design Construction Managers (VDCM) Michael Chipley


2 Analytical BIM: The Performance Feedback loop between BIM and Energy Simulation Tools Shih‐Hsin (Eve) Lin


3 A Plan for Intuitive Virtual Reality Retrieval and Annotation of COBie Andrew Strelzoff


4 Enhancing Safety through BIM Caroline M. Clevenger


5 The Collaborative Dance: Only Three Steps Gregory F. Starzyk


6 Toward an IDP‐BIM Framework: the Case of the House of Sustainable Development Daniel FORGUES


Ivanka Ioranova


9‐Dec Th. 1 8:30‐10:00 am IFC Workshop


2 3:00‐4:30 pm COBIE Workshop








Building Information Modeling in Today’s University 
Undergraduate Curriculum 


Christopher Pavelko 
Arizona State University 


Tempe, AZ 85281 
cpavelko@asu.edu 


Allan D Chasey 
Arizona State University 


Tempe, AZ 85281 
achasey@asu.edu


 


Abstract 


Building Information Modeling (BIM) is a process that has been gaining traction in the 
architect, engineer and construction (AEC) industry. BIM allows combining a virtual model 
with all aspects of a project, from design to construction and operations. The model provides 
the ability to extract quantities for estimating, to define work elements for scheduling, to 
simulate environments for sustainability and to model work processes for facilities 
management. BIM is a tool that is aiding the AEC industry’s shift to a more collaborative 
construction process . 


The shortage of experienced personnel in the AEC industry conversant with BIM leads to an 
expectation that architecture, engineering and construction management graduates must be 
better prepared to enter the workforce. Because of this expected shortage of qualified 
personnel, research was undertaken at Arizona State University with FIATECH to understand 
how academia can support the construction industry as BIM becomes a major design / 
contractor tool. 


Through surveys and face to face meetings, current educational programs were reviewed and 
recommendations developed to assist universities with curriculum development. The 
recommendations include methodologies of teaching the core concepts to understand the 
process of building by using a combined lab/lecture class allowing a hands-on learning 
process. Another recommendation to keep schools aligned with industry is to use industry 
professionals in the classroom to give presentations on BIM usage in the industry with 
examples to help illustrate skills needed by students so they can be successful. To help guide 
further curriculum development utilizing BIM, techniques used for BIM implementation in 
one class or throughout several courses are reviewed. Overall, the research explored the 
industry expectations and current educational approaches for the use and development of 
BIM in the classroom. 


Keywords 


Building Information Modeling, Construction Education, Workforce, Training, BIM, 
Construction Curriculum. 


 
1. INTRODUCTION 


The construction industry is experiencing a shortage of qualified personnel. One of the 
reasons is the lack of communication regarding core technology competencies needed for 
new graduates (Cleveland 2008). New forms of collaborative software, such as Building 
Information Modeling (BIM), are being introduced into the construction industry. This 
software is a key tool to aid in better collaboration between the design and construction 
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Since technology can be used to improve productivity, this research focused on seeking ways 
to improve the skill level of new college hires through the introduction and use of newer 
technologies, primarily Building Information Modeling (BIM). The 2008 BIM Smart Market 
Report published by McGraw Hill Construction notes that greater productivity, along with 
improved communications, are being seen by experienced BIM users. This tool will also 
support the integrated project delivery (IPD) methodology which has been shown to help 
streamline the design and construction process by reducing rework through sharing the 
information throughout the entire lifecycle (Jones 2009). Educating the incoming workforce 
with the skills and knowledge of how to implement this technology into the industry will help 
better prepare new hires for the construction industry. In addition to educating the current 
workforce, this will create a broader knowledge base for implementation into today’s fast 
paced construction project. 


In 2007, the 8th Annual FMI/ Construction Management Association of America (CMAA) 
survey of owners focused on the current usage of BIM. The survey showed that 35% of the 
respondents had used BIM technology for one or more years. Three quarters of the owners 
who had used BIM would recommend it to others for use on similar projects (FMI/CMMA, 
2007). 


The BIM Smart Market Report (2008) by McGraw Hill Construction is a report on BIM’s 
current uses across the Architecture Engineering Construction Owners (AECO) industry and 
expected use in the near future. The 2008 report indicated that overall the rate of BIM usage 
is increasing in both design and construction companies, with the construction industry 
forecast to see the biggest increase of BIM usage in 2009. The report also stated that BIM 
would be most useful in the construction industry when compared to its use by Architects or 
Engineers because of its potential for construction cost savings (McGraw Hill Construction, 
2008).  


3. LITERATURE REVIEW 


Since the use of BIM in the construction industry has increased and the advantages are being 
seen from its use, academic institutions are developing curriculum to help meet the industry 
demand. Some schools teach BIM throughout the entire curriculum and some place it within 
one course. The techniques used for instruction also vary depending on what each school 
determines best fits their approach.  Most curriculums have been developed in the last three 
to five years because of the recent increase in usage of BIM. It should be noted, schools  
accredited under the ACCE for construction curriculum or ABET for engineering curriculum 
programs must follow the requirements developed for the school to remain or gain 
accreditation.  


Auburn University, in a paper titled “Integration of Building Information Modeling (BIM) 
into an ACCE Accredited Construction Management Curriculum” (Taylor, Lui, & Hein, 
2008), describes two introductory courses that outline the fundamentals of software use 
geared toward the construction industry. The original software based course included setting 
up estimates and project timelines in Microsoft Excel and Visio and 3D Modeling utilizing 
Google Sketchup and AutoCAD applications. BIM software use included Autodesk’s Revit 
Architecture with VICO Constructor introduced later on a test basis with students in the 
course. Another course using BIM was also developed as an introductory elective course. In 
the development of this course, Auburn determined that learning how to model is not a key 
skill for a contractor, but rather it is important how to utilize existing 3D models for 
construction analysis and to determine construction efficiencies. Topics covered in this 
course included the development of Architectural, Structural and MEP (Mechanical, 







Electrical, and Plumbing) models, development of a site plan, templates for estimating, pro-
project scheduling, and knowledge of animation and presentation issues. A requirement was 
also added to include BIM in a Senior Capstone project. From the Auburn experience, it was 
determined that it was important to implement BIM throughout several courses in the 
curriculum because it does not fit into one course sufficiently or effectively. Since several 
core competencies need to be covered. Overall students were using available software to 
develop an understanding of the concepts behind the technology and the construction process 
(Taylor, Lui, & Hein, 2008). 


For an engineering based curriculum, Worcester Polytechnic Institute (WPI) developed 
courses utilizing BIM for Civil and Environmental Engineering. Parametric modeling 
software was introduced during a one week basic module in 2003 utilizing Autodesk’s Revit 
software. This one week session was developed in WPI’s CE1030 class (Civil Engineering 
and Beginning of Computation)  based on the “essentials of the dynamics of groups in civil 
engineering, the essentials of engineering, workmanship to prepare presentations and written 
reports and in the use of the computer”. The course was developed so students could 
understand the “communication of the design, visualization and coordination of tasks of 
construction.” Utilizing an existing 3D model, the basic aspects of how software can assist in 
design coordination, quantity take offs, and collaboration was demonstrated. Each semester 
after the completion of the class, a survey is taken to gauge the student’s impression of BIM 
with the majority indicating BIM is a useful tool that helps facilitate the work group (Baeza 
Pereyra & Salazar, 2008). 


4. METHOD 


To understand the industry’s status in relation to core construction technology competencies, 
a survey was sent to industry stakeholders. The survey consisted of 32 questions, seeking 
information regarding each company’s use of BIM, the expectations of the workforce in 
regards to BIM, and where BIM is going in the future. The questions were based partially on 
input from industry professionals, and developed with a knowledge base focused around the 
construction industry. The survey was available through the FIATECH website from 
September to October 2008. The 77 respondents were located across the US and included 
some international locations. Respondents represented Engineering Construction (EC) firms 
(47%) and  combined Architecture Engineering and Construction (AEC) firms (25%). The 
companies are located in the US, Canada, Europe and the Middle East. The majority of the 
companies (66%) are large companies, with over 5000 personnel and gross revenues of over 
$1 billion annually. 


After completion and analysis of the industry survey, another survey was developed to 
determine the current state of BIM implementation in the curriculum at academic institutions. 
The survey was focused on construction education programs, but also included architectural 
and engineering schools. The survey was sent to members of the Associate Schools of 
Construction (ASC), the American Council of Construction Education (ACCE), 
buildingSmart allianceTM, and FIATECH. The survey was available from January 2009 to 
March 2009 yielding a 40% response rate with 59 respondents to the survey; a good cross-
section in location, size, and discipline of school was achieved. The survey design helped 
focus the respondents on answering the questions yielding important information. The 
respondents also had the opportunity to add comments  to some questions to provide 
additional information where elements were missing through the survey. 
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With the industry indicated importance of tying estimates, schedules and information to a 3D 
parametric model, it appears from the survey only a few schools are implementing these 
techniques into their curriculum. The schools which responded use BIM for 3D coordination 
purposes (82%), while only half (46%) tie schedules to models, and even fewer (35%) tie  
estimates to the models. Very few schools are teaching energy simulation or operations and 
maintenance activities  within the models. 


5.3 Two Curriculum Examples: 


In reviewing several examples of current curriculum which implement BIM into both ABET 
and ACCE accredited curriculums, basically two approaches have been taken. The first ap-
proach is to integrate it into one or two courses. The second approach is to implement BIM in 
several courses throughout the curriculum. There are advantages and disadvantages to both 
methodologies. 


In the first approach, the students are introduced to basic and key concepts in the use of BIM 
software. Guest lecturers include industry professionals from various phases of the construc-
tion process such as a General Contractor, Sub Contractor, Pre Construction, Legal, and Fa-
cility Operation and Maintenance. This provides the students a better understanding of how 
BIM affects the facility through the life cycle. This is taught within one senior level class in a 
construction based curriculum. 


Key skills taught in this senior level class include Logistics & Site Layout, 3D Coordination, 
scheduling simulations, and  quantity take-offs. The course is structured to first show the stu-
dents the current methods of developing construction documents helping them understand 
how 2D drawings are used in project development. By illustrating the basic workings of the 
drawing software, the students learn how designers compile their drawings, using single 
lines, layers and line types.  This focuses the students on why drawings are not always coor-
dinated, not on the software and then allows a building of skill in the 3D environment  


The second approach studied integrates BIM throughout a 5 year Architectural Engineering 
(AE) curriculum. The objective of this program is to mix Building Information Modeling 
throughout the curriculum.  Here, the traditional Construction Management classes, such as 
estimating, scheduling and project management, are not offered as standalone classes and 
BIM is treated much the same.  These topics and tools are taught through a variety of classes 
that are focused around Architectural, Structural, Mechanical, Plumbing and Electrical design 
elements.  The models are created in BIM software and the information is a key component 
in helping produce estimates, schedules and constructability reviews.  The models are an av-
enue for communicating and teaching the traditional subjects, helping the students visually 
understand the complexity of performing task such as scheduling and quantity take-offs.  
BIM is being treated as a core tool required for understanding complex problems and the 
more proficient students have great success in implementing it into all of their classes. The 
knowledge of the tools is continuously applied through the program culminating in a Senior 
Project that demonstrates the expertise of each core skill. 


6. CONCLUSIONS 


The integration of BIM into the classroom can be accomplished through stand-alone courses 
or throughout the program, adding the concepts and tools in several courses.  The surveys 
taken and the literature reviewed indicate that schools are moving in this direction, with over 
97% indicating that BIM will be a part of the curriculum.   


Utilizing BIM as a problem based learning tool is a benefit to students and industry, but in 
order for it to be a true success, industry and academia must form a strong partnership. Aca-
demia should work to integrate BIM into multiple courses with qualified instructors. They 
also must be dedicated to ensuring students grasp the skills. Industry must be willing to invest 







in academia taking the time to visit the classroom and discuss current trends and scenarios. 
Industry could share generic models that can be utilized in a BIM curriculum providing stu-
dents with current and applicable material to implement the skills they have learned. Without 
this partnership it will be difficult for academia to prepare students for the challenges the stu-
dents will face in the workforce. 


To prepare the construction industry to be in a position to negate the effect of a shortage of 
qualified personnel, industry and academia must work together to train and educate the next 
generation workforce to take their position.  Productivity increases for construction will be 
needed to ensure that capital projects are continued to be provided in a cost effective manner 
to meet the needs of owners.  Building Information Modeling (BIM) is proving to be a tech-
nology that will have an impact on the delivery process of the architectural, engineering and 
construction community.  This research explored the needs of industry related to the skills 
desired for new hires and how educational institutions can help.  The industry is moving to-
ward the implementation of BIM as part of a more collaborative delivery process and the ed-
ucational process needs to seek ways to implement BIM into the Construction Management 
curricula. 
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Abstract 
This paper resents a pedagogical model, course work and lessons learned from two 
Integrated Practice/Design Build Studios.   The Integrated studio is a project-based senior 
undergraduate construction management and architecture studio where students from the 
two disciplines as well as civil engineering and landscape architecture worked in a 
collaborative environment to deliver a design proposal, conceptual estimate, schedule and 
construction plan for a building project with challenging sustainable goals such as net-zero 
energy consumption. The central problem of the studio projects was to demonstrate the 
possibilities for making market-ready, high-performance, climate-tempered buildings that 
can achieve net-zero energy use on an annual basis here in Seattle. The pedagogical model is 
built on the processes of Integrated Project Delivery (IPD), a design approach that integrates 
people, systems, business structures and practices for harnessing the talents and insights of 
all participants in order to optimize project results, increase value to the owner, reduce 
waste, and maximize efficiency through all phases of design, fabrication and construction. In 
this paper we will we report the faculty perspective of the challenge of interdisciplinary 
education that brings together students from departments that have very different 
expectations, histories, disciplines and cultures in the context of a sustainable project 
supported by BIM technologies. 
 
Keywords 
Education, Studio, Interdisciplinary, Sustainability, Building Information Modeling, En-
ergy Modeling,  


 
1. INTRODUCTION 
Concurrent with the grand challenges of urbanization, globalization and sustainability, the 
Architecture, Engineering and Construction (AEC) industry is experiencing a technological 
revolution. To incorporate industry challenges and changes into education, much of the cur-
riculum in the University of Washington’s (UW) College of Built Environments leverages 
experiential learning (such as site visits, hands on labs, internships, computer visualization 
and service learning). Furthermore, the unique experiential learning environment of the de-
sign studio is at the heart of the Architecture, Landscape Architecture and Urban Planning 
curricula, where students synthesize, develop and expand upon their newly acquired knowl-
edge from the supporting curriculum. Experiential learning activities, such as the problem-
based work in design and planning studios, help students retain and apply the fundamentals 
of their disciplines while engaging in real world problems. Engineering and construction pro-
grams can leverage the studio model to develop experiential and contextual learning opportu-
nities to engage with a dynamic and increasingly interdisciplinary industry.  
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In contrast to the deep synthesis of the design studios and other problem-based curricula, 
many lecture-based construction and engineering education paradigms foster tenuous decon-
textualized knowledge.  Construction engineering and management students experience 
fragmented and specialized courses where concepts are presented as independent and unre-
lated entities divorced from the complexities of real-world situations and problems (Chi-
nowsky and Vanegas, 1996; Fruchter, 1997). McCabe et al. (2000) argue that much of the 
civil engineering coursework teaches only theories of engineering and construction and that 
students may encounter difficulties when applying these theoretical constructs to real world 
situations. Sawhney et al. (2001) maintain that many civil and construction engineering cur-
ricula do not allow the inclusion of issues of importance to industry, the participation of prac-
titioners, or hands-on experience. Brown et al. (1989) describe students who recall informa-
tion on a test as not being able to apply the very same concepts in the problem-based envi-
ronment even when the situation clearly merits such an action. Another example of this fra-
gility can be observed in school when students neither retain nor are able to utilize knowledge 
allegedly acquired in previous courses (Bertz and Baker, 1996). Separating the learner from 
the relevant context can cause the knowledge itself to become ineffectual due to absence of 
the natural complexity of content; this in turn creates the ancillary effect of stifling creativity 
and diminishing enthusiasm among students (Barab et al., 2001). Additionally, when experi-
ential learning happens outside the classroom (such as internships), students are often ex-
posed to individualized and unique experiences that are not easily shared with others.   
Consequently, our challenges are both local and global in scale. Individual students need to 
exercise and develop the skills required to work effectively and productively in a rapidly 
evolving world of design and project delivery, were owners, designers and builders are push-
ing for sustainable solutions to the increasing needs of the urban Built Environment. In pro-
grams of Architecture, Engineering and Construction, we seek to develop the technical skills, 
design awareness, ordering principles, and construction management knowledge that will 
launch our students into successful and fulfilling careers. In curriculum that supports an Inte-
grated Practice, Integrated Project Delivery, or Design Build approach to these challenges, 
the teaching and learning goals are multifaceted: 
• Explore how technology and collaboration support sustainable design and construction; 
• Develop strategies and techniques for balancing tradeoffs between design intent, technical 


constraints, budget constraints and logistical issues; 
• Explore the use of location, form, and materials, to promote an architecture well adapted 


to the conditions of the economic and physical environment; 
• Investigate building and construction practices that minimize environmental impact and 


promote and express principles of environmental sustainability; 
• Communicate and collaborate effectively in a multi-disciplinary team-based decision 


making process; 
To address the challenges of fragmented curriculum, as well as the learning goals listed 
above, faculty in the Departments of Construction Management and Architecture in the Col-
lege of Built Environments (CBE) have developed a modified design studio-based course, the 
Integrated Design Build Studio that begins to pull togethergathers together these elements.  
This is a course where interdisciplinary student teams exercise these skills through the deliv-
ery of design and construction proposals for real and highly relevant local projects. This stu-
dio course, designed as the capstone course in the 5th year of the dual Architec-
ture/Construction Management degree program in the CBE, is also offered to other majors in 
the College as well as students in the College of Engineering. The course meets three after-
noons per week for four hours each day. Students are organized in three teams of 5 to 8 stu-
dents each, and are assigned a “collaboration suite” where they set-up an “office” and can 
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work during and outside of studio hours. The course has been taught twice, winter terms 2009 
and 2010, and will be offered for a third time in winter 2011. 
 
2. COURSE: INTEGRATED DESIGN BUILD STUDIO 
Architecture studios are traditionally problem-based classes in which students synthesize, de-
velop and expand on their newly acquired knowledge from the supporting curriculum.  We 
modify the traditional studio by creating a team based course with a focus on collaboration 
across the traditionally silo-ed disciplines of architecture, engineering and construction.  In 
this studio the students bring in their new knowledge from their own disciplinary curric-
ulatechnical skills, design awareness, ordering principles, and construction management 
knowledge developed in previous coursework and/or design studios. In this modified form, 
this the pedagogy of this integrated studio design rests firmly on a “three-legged stool” com-
prised of intention, technology and methodology; namely: s: Sustainability, bBuilding iIn-
formation mModeling, and cCollaboration.  
Although this course is ongoing, in this paper, we focus on the concepts and experiences 
from the past two years.  One of the main goals of this studio was to explore Integrated Pro-
ject Delivery. Given the authors’ academic affiliations, there was an emphasis on the inter-
section of architectural design and construction; however, students from civil engineering and 
landscape architecture have also participated in the class., both Both authors have engineering 
backgrounds, and industry guests were architects, engineers and builders, so that all threeat-
tention to all three disciplines—Architecture, Engineering and Construction—were were in-
tegratedboth balanced and integrated.  To this end, the studio focused as much as on the col-
laboration across disciplines as it did on the products produced. Students worked through col-
laboration exercises and maintained maintained a collaboration diary to reflect on group dy-
namics, teamwork, leadership and the work processes they were exploring in the studio. 
Building Information Modeling (BIM) and other computational tools are integrated into the 
studio curriculum to support the analysis, design, project management and communication of 
design intentions and conversations about means and methods. Students received introduc-
tory instruction in Revit, Navisworks, and Ecotect. Each team developed a design, a concep-
tual cost estimate and a construction plan and schedule. The teams then developed and re-
fined somewhat concurrently as the project moved from the schematic mid-term assignment 
to the more detailed design development final deliverable.  
 
2.1 Sustainability 
For the design problems, we introduced actual projects that were currently in early phases of 
programming and conceptual design from the local community.  In both years, these projects 
had ambitious targets for resource efficiency, performance, environmental health and human 
satisfaction. Students worked within the framework of the Living Building Challenge™ to 
develop buildings that must produce as much energy on-site as they use on an annual basis, 
along with other demanding environmental criteria. To achieve this their buildings must to 
have been particularly climate responsive, reducing their energy demands by optimizing their 
form, orientation, envelope strategies, and programmatic organization. Next, their mechanical 
systems must have been seamlessly integrated with the architecture, gaining every two-for-
one opportunity possible to meet budgetary expectation. Imposing criteria of a budget, a con-
struction schedule, and high levels of building performance provided a compelling challenge 
for the team, testing students’ design imaginations against the demands of a competitive, risk-
averse industry. 







We encouraged students to break out of their disciplinary roles and explore the culture, phi-
losophy, practices and training of others on their team through collaborative work.  Team-
work was designed to be fluid, allowing members to take on various roles over the term (e.g. 
structures, mechanical systems, architectural design). Over the 10-week course team mem-
bers participated in various workshops to learn both concepts and applications, and worked 
out design problems in technical “huddles,” often with an instructor or guest (professional) 
“consultant.” Students who specialized in analysis might attend an energy modeling work-
shop while their teammates develop the design and work on other aspects of the project, just 
as they might in the professional workplace. 
Tools appropriate to the scale and complexity of the projects are introduced and then applied 
to the project. In the first year students were coached in Ecotect, and used this digital tool to 
create energy models of their buildings. In the second year students used analytical methods 
to predict the energy use intensity (EUI) of their buildings and physical models to explore 
both solar control and daylighting and the University of Washington’s Integrated Design Lab 
(IDL).  
 
2.2 Building Information Modeling 
The second leg of the stool is Building Information Modeling (BIM). The instruction with 
BIM took two forms: teaching the software functionality, and then working collaboratively 
with the software.  Teaching software was relatively straightforward: it was taught in tutorials 
and then required technical support for detailed questions while the students developed their 
models.  Teaching collaboration was more challenging and was deeply interwoven with other 
interdisciplinary collaboration issues.  We discuss working collaboratively in the next section 
of the paper.    
The inclusion of BIM in this studio was both dynamic and challenging.  The students come 
came to the class in with diverse baseline knowledge of BIM tools.  Some students had taken 
courses where Sketchup, Revit or Navisworks were taught.  These students were already pro-
ficient with particular BIM tools, while some only had passing familiarity, and still others had 
never seen been exposed to BIM before.  To address this disparity, we offered a 2-day work-
shop in the first week of class where the basics of Revit were introduced.  In the past two 
years of the studio, most of the students attended these workshops. Some students; they might 
have known a different related program such as AutoCAD, but still wish or wanted to review 
the basics before diving into a Revit-based project with a collaborative team.  Later in the 
quarter, when the teams were starting to think about consolidated models and construction 
schedules, we conducted a tutorial for Navisworks tools such as presentation, clash detection 
and 4-D modeling.    
As with the sustainability analysis, students tended tended to specialize in modeling tasks as 
well.  Some students took took on more 3D modeling roles, while others took took on Navis-
works roles.  Some students, particularly those with no previous experience with 3D or BIM 
tools, had had limited use of the technology and focused focused on other research and analy-
sis tasks.   No matter what their level, students learned learned from each other and soon ex-
ceeded exceeded the faculty’s knowledge of the programs’ functionality. This poses a chal-
lenge for those looking to teach with technology—we as university professors are not every-
day users of BIM tools and do not have the tips and tricks at our fingertips.  To address this 
issue, we need to tap into knowledgeable students, the user groups, and help desks to link 
students to technical support that facilitates their technical proficiency. We have found how-
ever, that students were very resourceful and in the studio environment, they supported each 
other’s learning and everyone’s skills developed organically.   







The exciting result of integrating technology in this way was was that the students applied 
apply their technical skills in the context of the problems they’ were working on.  They either 
practiced previously learned skills or immediately applied new skills they acquire in the stu-
dio workshops.  Students commented at the end of the studio that this was the only way to 
really learn BIM—to use it. When asked what BIM meant to their studio experience, one ar-
chitectureal student said that he couldn’t just draw an abstract idea about the design, but that 
he had to model the “real thing” because these guys, (pointing to the students sitting next to 
him), need to get accurate material quantity take offs for the estimate.  In this way, BIM made 
the connection between the disciplines explicit for the students. Through the process of creat-
ing a BIM together, the students uncovered for themselves the connection between the ab-
stract ideas of the design and the realities of putting the building together.  
 
2.3 Collaboration 
Many have found that technical proficiency needs to be coupled with collaboration strateigies 
to fulfil the promise of BIM technologies (Eastman, Teicholz, Sacks, & Liston, 2008; Smith 
& Tardif, 2009). In the author’s own research, when asked about a recent IPD/BIM project, 
an owner representative said in an interview that, “we chose the people who we knew we 
could work with.”  In the educational context, interdisciplinary collaboration not only chal-
lenged students to think outside of their newly acquired domain lens, but also gave them con-
textual exposure to develop the professional collaboration skills.  IPD and other forms of 
AEC collaboration require a cultural shift from more adversarial delivery methods.  Those 
who have worked in IPD discuss the creation and reinforcement of “teams.” In this studio, we 
sought to do just that—create teams where students synthesized their disciplinary learning by 
challenging them to work with colleagues from other disciplines. Team members did re-
search, did analysis, made design decisions, and built models to realize and communicate the 
results. In the context of the “team” they understood very vividly their role as the designer, 
engineer or builder and what each discipline contributed to the “team’s” development of the 
final project.   
To accomplish the task of designing and virtually building a project, the individuals on the 
teams took on  a variety of roles, some related directly to their disciplines such as conceptual 
and technical design and analysis, and other roles relating more to the process, organization 
and management of the project. a variety of roles. Some of these roles were managerial, while 
others were analytical. We recommended that each team member adopt specific roles as part 
of setting up how the team divided the responsibilities and scope of work, but encouraged the 
team members to be open to the evolution of these roles as the team’s work progressed. We 
sought to avoid the “divide and concur” mentality and reinforced the idea that although they 
may have taken a lead in particular areas, did notthis doesn’t mean that they did all of the 
work related to that role; we encouraged everyone to participate in all aspects of the project 
and work together to discover and explore the research, design and construction activities.  
Interestingly enough, this was easier to do within the architectural design process, but much 
more difficult with construction elements.  One reason for this might be the fact that con-
struction costs and schedules were often developed towards the end of the conceptual design 
process and the students were busy preparing for the deliverable and did not have time to dis-
cuss and share information.  When it came down to the wire, they did retreat to their disci-
plines and roles to complete the assignment for the mid-term and final deliverables.   
Although there was a tendency to focus on the technical aspects of the project, we did rou-
tinely make collaboration the topic of conversation and a theme throughout.  We launched the 
studio with a collaboration workshop where the team reviewed collaboration strategies and 
developed an initial collaboration agreement.  As the work progressed and the teams formed, 
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we discussed plans and the strategies in a group every two weeks and students wrote in an 
individual collaboration diary (separate from the design sketchbook for confidentiality).  Stu-
dents were able to reflect upon the collaboration experiences and these reflections also help 
the faculty understand how the teamwork was progressing. 
 
3. STUDENT WORK: DESIGN, ANALYSIS AND PLANNING 
For their mid-term and final deliverables, the student teams developed design models, engi-
neering analysis, construction cost estimates and construction schedules.  In contrast to a tra-
ditional architectural design studio where individuals spend most of the term exploring for-
mal and conceptual issues, these design teams had little time to linger in the concept and 
form-making phase but had to complete conceptual design quickly so that they could develop 
the structural, mechanical and envelope design, cost estimates and construction schedules. 
However, the iterative nature of IPD emerged when the students after the mid-term deliver-
ables went back to the form-making discussions and revisited and revised their building 
forms based on systems, constructability and architectural issues.  In this way, the architec-
tural discipline was interwoven into the design of the systems and construction.    The depth 
of design inquiry required the students to make decisions about the construction and material-
ity of their buildings that is uncommon in architectural design studios. It compelled a design 
process much closer to that in professional practice, where concept formation occupies a rela-
tively small portion of the overall design effort compared to an academic design studio where 
the majority of the effort is given over to conceptual design followed by production of pres-
entation drawings and models.  


Within this modified and accelerated studio model, the students’ design and construction 
proposals achieved a high degree of resolution including the development of major assem-
blies, selection of materials, development of the building envelope, integration of structural 
and environmental systems, preliminary cost estimates, construction schedules, 3D and 4D 
models. The studio assignments challenged the teams to explore all of these interrelated di-
mensions.  
For the first studio, the vehicle for the design explorations was a mixed-use building of ap-
proximately 45,000 s.f. located in the Capitol Hill district of Seattle. This was an actual pro-
ject in the early stages of pre-design for the Bullitt Foundation, a non-profit organization 
whose mission is to safeguard the natural environment by promoting responsible human ac-
tivities and sustainable communities in the Pacific Northwest. The Foundation intended in-
tended this mixed-use building to be at the leading edge of urban sustainability, and to have 
meemeet the International Living Building Institute’s Living Building Challenge. The Foun-
dation aspired planned to create a building that generates all of its energy with on-site renew-
able resources, captures and treats all of its water on site (with the exception of potable water) 
and is an inspiration to others for its beauty and performance.  


The second studio vehicle was part of a partially funded research project to design, build and 
monitor a net-zero energy, high performance re-locatable classroom called HiPerMod (high 
performance modular). built upon the investigations and research of two previous courses 
investigating high performance classrooms to develop highly resolved design proposals for a 
high performance modular classroom. The goal here was to produce one or more designs 
from which to develop a prototype re-locatable classroom to be built (summer 2011) and that 
CEB students would then operate, monitor and evaluate over the following year. In addition 
to the detailed design of this classroom, teams were to design and locate this classroom as 
part of a Renewable Energy Learning Center for Magnuson Park, a project that was concur-
rent with the studio under discussion by Seattle City Light and the Seattle Parks and Recrea-







tion Department.. As described by the owner constituents, this new public amenity would 
celebrate and demonstrate renewable energy and ecological design, and support classes, 
meetings and public events in a fully integrated indoor/outdoor learning environment using 
both new and existing structures. Studio design proposals were to include landscape design 
and infrastructure, renovation and re-purposing of existing structures, and new structures in-
cluding a picnic shelter, outdoor gathering spaces, and a high performance modular class-
room developed to a high level of resolution. 


Reducing building energy use was been central to these projects.  Consequently, analysis 
methods to predict building performance were a particular focus of these two studios. Meth-
ods to analyze solar heat gain, solar control, daylighting, and envelope heat transfer were in-
troduced in regular workshop sessions and applied directly to the project. Analysis methods 
included calculations, digital analysis and physical models. Students taking on the roles of 
structural and mechanical engineers were assisted in their design and analysis work by visit-
ing professional consultants who join the studio on a regular basis. 


As described above, the studio started from a program and the teams had to do conceptual 
design and analysis tasks before they could begin addressing construction.  Although con-
structability issues were part of the conversation throughout the studio, construction cost es-
timating and construction scheduling was often compressed into the last week or two before 
the mid-term and final deliverables. When the students were focused on production, it was 
difficult to share this disciplinary work across the team, and design and engineering students 
often were focused on their own work product when the construction related analysis was 
conducted. Consequently, the construction management students enjoyed exposure to the 
conceptual design in the early weeks of the studio, but the architecture and engineering stu-
dents did not as deeply experience estimating and scheduling. Similar to the engineering 
analysis, the students’ work was supported by visiting professional estimators and contractors 
who provided real work feedback to their designs, cost estimates and construction schedules.   


Throughout, industry professionals met with the students to support the multiple design and 
analytical dimensions of the problem.  The integrated teams were able to anticipate reviewers 
comments and criticism based on these consultations.  In their mid-term and final presenta-
tions, they presented the basis for their design and construction decisions, which were often 
multifaceted and incorporated architectural design, engineering analysis and construction 
planning elements.    


 


4. LESSON LEARNED: MANAGING EXPECTATIONS 
Just as the problem given to the teams, the challenges of teaching this studio were also multi-
dimensional.  Synthesizing three disciplines of knowledge – Architecture, Engineering and 
Construction – while challenging the students with solving a complex real-world design prob-
lem using state of the art tools and exploring emerging work processes was and is a daunting 
task. The collaboration process was the “vessel” into which we threw everything else and 
tensions appeared along these dimensions: technology tools vs. skills; professional and cul-
tural differences; work processes (design vs. analysis; team vs. individual). The friction that 
inevitably comes from throwing all of these factors into this vessel was where a lot of the 
learning took place. In our experience, the technical challenges were relatively more straight-
forward than those characterized by the interdisciplinary collaboration and teamwork of the 
course.  Namely, there were fundamental differences in culture and expectation of students 
from the different disciplines as well as different types and levels of knowledge across the 
teams, and differences in awareness, facilitation, and willingness to engage with technology.  


Comment [t1]: Rob, I can think of many 
dimensions in which we could reflect on this 
studio experience.  We could talk about 
teaching with BIM technologies, we could talk 
about synthesizing sustainability design and 
construction, we could talk about the challenge 
of building integrated student teams and then 
coaching these teams through the studio 
experience.   
 
Where do you think this paper should head?  I 
feel like perhaps we need to select a focus on 
build the discussion around that.  As is the 
nature of the studio – we could go in 50 
different directions.   
 
Thoughts? 







Furthermore, the group dynamic was very different for both the students as well as the in-
structors who are accustom to solo student work and evaluation.  
We’ve found that the dynamics of each team developed in its own unique and organic way, 
perhaps as a function of both the personalities of the players and the constellation of their dis-
ciplinary skills. For example, in the first year one of the teams’ work was characterized as 
intensely collaborative, they would discuss most of the decisions as a team; they often 
seemed to be talked animatedly and laughing together.  Individuals or pairs would work on a 
problem and present the alternative solutions to the group who then would discuss the pros 
and cons of each and how these new alternatives integrated with the other aspects of the pro-
ject.  Meanwhile, a second team was more individualized.  They often worked quietly during 
studio, with solo work being integrated electronically. They did not seem to have as much 
discussion and collective decision-making or support. Both teams developed thoughtful and 
coordinated designs, plans and construction schedules, but their teamwork was starkly differ-
ent in character.    
This was an advanced upper-division project-based undergraduate class where the students 
were expected to bring their own expertise and experience to engage in the ways that they 
personally found interesting, challenging and meaningful. The learning value came from be-
ing intentional about reflecting and processing the lessons of the collaboration, trying to fig-
ure out what worked best for this team and these problems, what strategies to employ, and 
how to resolve conflict and navigate the messiness of integrated teamwork.   This particular 
aspect of the studio posed a challenge both in terms of individual feedback as well as evalua-
tion. Most of the evaluation in traditional engineering and construction management depart-
ments is based on the student’s work product; consequently, some of the students did not put 
an emphasis on their reflections or teamwork. For example, some of the students, who are 
otherwise very good performers, either didn’t turn in a collaboration diary at all, or their dairy 
had scribbled one-l liners such as “day went ok”, “we worked hard today”. From the experi-
ence over the past two years, we have found that the reflection upon their collaborative proc-
ess is central to the course and this centrality has to be reinforced early and often throughout 
the term.  In future classes, we are considering making collaboration reflections a weekly 
graded assignment that faculty can then engage with an individual dialog as well as one with 
the team.   
Another challenge of this course design, was that students brought widely varying skills and 
baseline knowledge to the course. Finding ways for each team member to contribute to the 
enterprise was critical. A particular challenge had been finding ways for the non-architecture 
students to contribute during the early stage of concept design, since these students did not 
have any experience with this type of work, but yet, were expected to perform at a sophisti-
cated level in an advanced course. Once a concept had been developed, there was a project to 
take-apart, analyze and develop, most students found something to work on, but before the 
design took form the process of concept formation and development was opaque for some. 
However, in challenging the non-architecture students to participate in conceptual design ac-
tivities opened their experience to this way of thinking and students reported that this under-
standing was one of the major benefits of the class. One of the more valuable revelations 
comes from students observing the different skills and work process from the different disci-
plines. Furthermore, in the end, the students learn through experience that when working col-
laboratively, each team member had ownership in the design that made the detailed analysis 
and downstream decision-making more aligned with the concept. In future studios, we are 
challenged then, in the messiness of the collaboration, to keep a focus on what students are 
learning from interdisciplinary work as well as what they learn by applying their own disci-
plinary skills to the problem at hand. 
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Building Information Modeling (BIM) combines technology and 
methodology to integrate design and construction team members in 
order to optimize productivity and project outcomes.  Inherent in 
cross-functional teams are members from multiple domains with 
divergent objectives and processes for a project.  Educators in the 
architecture and construction disciplines face the challenge of 
preparing students to participate in this cross-functional team 
environment.  This paper reports the results from a three year study 
of interdisciplinary teams working on multiple projects in an 
immersive classroom environment, focusing on team processes and 
team dynamics.  Team processes included are goal setting, 
communication approaches, alternative analyses, decision making, 
and conflict management.  Team dynamics included in this 
research are interpersonal relationships, trust, conflict, 
commitment, and cohesiveness. Teams demonstrated integrative 
strategies to optimize performance and project outcomes.   In 
addition to the discussion about results from this research, 
recommendations are included about fostering an interdisciplinary 
learning environment focused on team processes and dynamics.     
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1.  INTRODUCTION 
The importance of cross-functional teams in the A/E/C industry is well documented in recent 
industry literature (IPD 2009; Smith & Tardf 2009; WBDG 2009).  History has shown that the 
traditional linear approach for the design and construction process is inefficient and inundated 
with waste, in both material consumption and redundant work activities (Tiecholz 2004).  
Facility owners regularly experience project schedule and cost overruns attributed directly to the 
linear process and lack of collaboration among stakeholders (CURT 2004).  The published 
reports cite the waste and inefficiencies in the industry and have motivated industry leaders to 
find a more integrated way of working together across disciplines.  Building Information 
Modeling (BIM) has been identified as one of the means for improvement.  When used as 
intended, a project BIM becomes a shared resource for information about a facility from which 
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decisions may be made during a facility’s lifecycle.  It is important to note that according to the 
National BIM Standard, a basic definition for BIM includes collaboration by different 
stakeholders at different phases of the life cycle of a facility (NIBS 2007).  Design and 
construction activities in BIM are best accomplished with input from a team of cross-functional 
members with a goal to optimize project results.  As the industry evolves toward more integrated 
projects, so does higher education for architecture and construction programs.   Students 
graduating from professional programs should be better prepared to work in teams, equipped 
with skills that support a collaborative decision making process.   
2.  BACKGROUND 
Factors that are important to manage in a team setting are 1) ensuring team goals are clearly 
defined with objectives and tasks, 2) the development of shared understanding through a 
common allegiance to a profession or organization, 3) frequent opportunities for interaction with 
team members, 4) well defined roles for each team member, and 5) established coordination 
norms with communication protocols about what gets communicated to whom, when, and how.  
Emphasis should be placed on managing these factors within the team.   
Standards for team interactions, such as information exchange, should also be addressed and 
agreed upon.    Standards for teams should be in place and serve to 1) establish and communicate 
expected performance to all team members, 2) establish and communicate roles within the 
exchange and each role’s responsibility for information contribution in the exchange, 3) provide 
a point of reference for conflict resolution and/or reduce conflict, and 4) ensure a platform for 
team members to contribute technical competency (Malhotra, Majchrzak et al. 2001).  It is 
evident from reviewing the small-group/team literature is that a team’s success is contingent 
upon mutual goals, shared understandings, defined roles, established responsibilities, and 
technical expertise. (Gladstein 1984; Hoegl and Gemuenden 2001).  These are all items related to 
the team process and how the team operates to accomplish assigned tasks.    
The definition for collaboration used in the conceptual design of this study comes from the realm 
of business management.  The literature defines collaboration as “a process of decision making 
among interdependent parties; it involves joint ownership of decisions and collective 
responsibility for outcomes” (Liedtka 1996).  The fact the team takes ownership of the outcomes 
as a joint effort is the key to interdependence.  Much of the foundation for the research in this 
study is drawn from the small group/team literature in the business domain (Lovelace, Shapiro, 
Weingart 2001; Gladstein 1984; Hoegl and Gemuenden 2001).  
This paper focuses on identifying some of the characteristics present in effective interdisciplinary 
student teams that may influence the collaborative process.  The objective is to provide some 
answers about the attributes associated with teams that approach problem solving as a 
collaboration of interdisciplinary perspectives.  For the purpose of this paper an effective 
interdisciplinary team is defined as a team with a strategy for integrating differing ideas and 
solutions to improve project outcomes.  An effective team is project centric and is successful at 
integrating ideas for the good of the project.  Team process and team dynamics were the two 
categories selected for organizing team attributes in this research.    
3.  RESEARCH DESIGN 
The research design focused this study on three elements identified in the literature that are 
considered important attributes of successful teams.  The goal is to identify the primary 
element(s) that most influences interdisciplinary teams to adopt an integrative strategy for 







problem solving.  The research focuses on team process, team dynamics, and experience with 
teamwork, both as individual influences and as a set of influences on teams that adopt an 
integrative strategy for problem solving. Components of the construct team process include goal 
setting, communication approach, alternative analyses, decision making, and conflict 
management.    Essentially these are the mechanics of the team and how it operates as a team.  
Questionnaires were designed to measure a team member’s perception of the team process.  For 
instance, “The conflict experienced inhibited group communication” is an example of an item 
from the team process category on the survey.  In contrast, the team dynamics construct included 
interpersonal relationships, trust, conflict, commitment, and cohesiveness as items of the 
construct.  These items are related to the social aspects and human interactions of a team.  
Following is an example of a survey question about team dynamics in this study “The 
differences experienced by the group were task related.”  An example of a question about 
strategy is “Group members examined the basis for disagreements, and attempted to ensure that 
all criteria were met.   
The trend in architecture and construction education is toward experiential project based learning 
that introduces students to more interdisciplinary team experiences.  The idea is that these types 
of experiences in education prepare students for the future.  Emerging technology, complexity of 
design, greater demands for building performance and more integrated project delivery methods 
are the future for students.              
4.  RESEARCH METHODS 
The research designed as an exploratory study focused on team process, team dynamics, and 
experience with teamwork as influences on interdisciplinary student teams.  The research 
occurred during an intersession course offered in three consecutive calendar years.  Enrollment 
in the course for each of the three years was capped at 10, limiting the sample for this study to 30 
students.  Data was collected using questionnaires, administered once in the pre-session (prior to 
any tasks) and then again after completion of each of the three tasks in the course.  
Questionnaires were anonymous and the students were given time to complete them in class.  
Teams were established by the students through self selection after each student provided a brief 
background about him/herself, including industry work experience.  Each architecture student 
was required to team with a construction student.  Students were then required to complete two 
previously developed socialization exercises, which were designed as a tool to help team 
members understand and discuss each other’s differences and to establish a mutual 
understanding of team goals and objectives (Jarvenpaa, Shaw et al. 2004). Team exercise #1 
required that each member share personal information, core technical skills, and perceived 
challenges about working in a cross-functional team using new technology.  This exercise is 
useful in establishing an interpersonal relationship and a basis for team expectations.  The second 
team exercise outlined nine factors previously established by Miranda and Bostrom (1993) as 
important to ensuring a successful cross-functional team experience.  Teams were required to 
discuss each of the nine factors and submit a written plan for ensuring each of the factors would 
happen for success in working together on projects. Teams were collocated and required to sit at 
adjacent work spaces throughout the remainder of the course.   
Two modes were used to perform assigned tasks in the course. First students were required to 
use a traditional mode in task 1. They were then required to use a BIM system to complete task 2 
and task 3.  The traditional mode used conventional design, estimating, and scheduling tools to 
complete the assigned task. Tools in the traditional mode included paper based design studies, 







CAD drawings, manual quantity take-offs, historical database reference printed materials, and 
electronic spreadsheet files.  The BIM mode required the use of an integrated system to complete 
the designing, estimating, and scheduling tasks on two separate design assignments.  
Assignments with task requirements and deadlines were distributed over the course of seven six-
hour class sessions distributed across nine calendar days.  
The three tasks for this research represented two types of design problems typical in architecture 
and construction education. The first task was a design problem for new construction of a small 
office building on a given site within the Main Street district of the town in which the university 
is located. The mode for this task was traditional and intended to establish a reference point that 
would frame the students’ experience going forward. The second task required students to 
transfer the previous task from the traditional mode to a BIM system. The first and second task 
program limited the structure to 1,600 square foot and required the team to work together to 
create a design concept and cost estimate for the new construction.  For the third task students 
were given a 35,000 square foot prototype model of a core and shell retail facility located in a 
designated commercial development within the town in which the university is located. The third 
task did not require teams create a design concept for the building but rather teams focus on the 
building performance criteria and achieving the specified Leadership in Energy and 
Environmental Design (LEED) rating.  Each task assignment included a design program and 
building performance criteria for a LEED rating. Students were motivated with an incentive for 
the team with the most LEED points for the least initial costs. Life cycle analyses were presented 
for costs whose payback exceeded five calendar years. Deliverables for each task were defined 
and a deadline for presentation by each student team established. This type of task requires a 
strategy for teams to solve the ill-structured problem that is integrative or run the risk of conflict 
or alienation of the other team member (Stumpf, Zand et al. 1979). Teams are further challenged 
because conflict is more likely to occur in cross-functional teams than in discipline silos as work 
toward an integrative solution begins (Lovelace, Shapiro et al. 2001).  
The team building exercises previously mentioned occurred during the first session of the course.  
Software training and task assignments occurred in the remaining class sessions.  The course was 
taught by a team of one professor from Construction Science and one professor from 
Architecture.  The course design and content is a collaboration of the two professors.  The class 
was designed and developed to utilize the charrette as a tool for learning in an immersive time 
constrained environment. The term charrette originated during the 19th century in Paris and the 
Beaux Arts period. The charrette concept is derived from the events of furious cart rides 
(charrettes) down cobbled streets during this time in Paris. Reports are that the combination of 
speed and rough going knocked loose more than a few mind blocks and gave rise to the vast 
array of creative solutions produced during this historic time (National Charrette Institute 2008).  
The class is an elective in the curriculum for both architecture and construction students.   
5.  RESULTS AND DISCUSSION 
This section reports the results from the analysis of data collected in the classroom during the 
course offered during the 2007, 2008, and 2009 intersession.  Data was collected using a pre-
session questionnaire and three post-session questionnaires in each year of the study, creating a 
data set of 264 post-session cases from a sample of 30 students.  SPSS was used to analyze the 
data through descriptive statistics, Pearson correlation coefficients, and a multiple linear 
regression model.  The data was entered into SPSS for each pre-session questionnaire and for 
each task specific post-session questionnaire.  The data was organized by task and year.  The 







independent variables in this study were experience with teamwork (teamexp), team process 
(process), and team dynamics (dynamics).  Experience with team work was measured using a 5-
point scale, with 1 being ‘very often’, 2 ‘often’, and 5 ‘rarely’.  A 7-point Likert scale was used 
for team process and team dynamics - with 1 being ‘never’, 3 ‘rarely’, 4 ‘sometimes’, 5 ‘often’, 7 
‘always’ .   The items for team process measured the team’s approach to problem solving 
associated with a process established by the team.  Items for team dynamics measured the 
interactions between team members considered positive in the team’s work for a solution.  Items 
for integrative strategy were how often the team resolved divergent task ideas and/or 
interpersonal issues by integrating ideas of both members.     
Descriptive statistics were run first by task for each year in the study.  The results for each task 
were then compiled by year.  For example, the descriptives from task 1 for year 2007, 2008, and 
2009 were input for a composite analysis of task 1.  The same steps were performed for task 2, 
task 3, and the pre-session questionnaires.  The results from each were then compiled and are 
represented in Table 1. Cases missing data were excluded from the study and are the reason for 
the variation of N in the variables.     
 
Variable N Mean Standard Deviation 
Experience 89 2.2 .991 
Process 88 3.5 .866 
Dynamics 88 3.1 .607 
Integrative Strategy 87 4.9 1.49 


Table 1 Three Year Aggregate Descriptive Statistics 
An analysis of the relationship between all variables in the study was computed using the 
Pearson correlation method with α = .05 to identify if there was a relationship between the 
variables and if so, the size of the effect of the relationship.  This section reports the results about 
the correlations between variables and about the effect size of each variable.  Evaluating the 
effect of each variable provided information about the magnitude of relationship among variables 
and was determined based on the Cohen’s index for effect size.  Results revealed a positive 
relationship between all the variables in the study.  In addition to having a positive relationship, 
the correlation between process, dynamics, experience, and strategy were statistically significant.  
The effect of process in the correlation with strategy was large (.59), whereas the effect of 
dynamics (.23) and experience (.28) were small.  The correlation between experience and 
process was positive but it was not statistically significant and the effect was classified as 
medium (.18).  Similar to the previous two variables, the correlation between experience and 
dynamics had a positive correlation but it was small (.06) and it was not statistically significant.  
Analysis of the correlation between process and dynamics revealed a large (.61) effect along 
with a positive and statistically significant correlation between the two variables. In summary, 
the findings revealed that the greatest relationship between independent variables is between 
process and dynamics.  The results also indicated that process is the independent variable with 
the greatest effect on strategy. The scatter plot in Figure 1 provides a visual of the correlations 
computed in the analysis.     







Figure 1 Correlation of Variables 
Based on the results from the analysis of correlations, a question emerged regarding the 
independent variables and their influence on a team’s strategy for solving ill-structured 
problems.  The researchers agreed to pursue this question and perform an analysis of the 
independent variables as a set of predictors for integrative team strategy.  The independent 
variables were assembled as a set with the objective being to determine if the set might be used 
to design curriculum for team experiences that are integrative in their approach to problem 
solving.  The idea being that the goal of teams would be to integrate ideas for task related 
problems in a collaborative effort to optimize results.       
A multiple regression analysis was conducted to predict the impact of an established team 
process, positive team dynamics, and prior experience with teamwork on teams with an 
integrative strategy for problem solving.  The analysis was carried out at a 5 percent level of 
significance.  Multiple regression analysis was selected because it is designed to test multiple 
independent variables (predictors) and the contribution of each variable on the dependent 
variable (criterion).  The results from the regression model revealed that process, dynamics, and 
experience, as a set of predictors, account for 41% (R2 = .41) of the total variance in strategy. 
Furthermore the 41% of variance in strategy explained by the set of predictors is statistically 
significant F(3,83) =  18.86, p < .05.   







The regression coefficients from the model provided information about each independent 
variable after controlling for the other two independent variables.  From the output of a 
regression model, conclusions may be made about the predicted change in the raw score for 
strategy with every raw score unit change in each of the three independent variables.  Results 
revealed that for every 1 z-score unit increase on team process score there is a predicted .67 z-
score unit increase in the score on the integrative strategy variable.  The results for team 
dynamics indicated that for every 1 z-score unit decrease on the score for dynamics there is a .18 
decrease in the score for integrative strategy.  Team experience has a predicted increase of .18 in 
the strategy score for every 1 z-score unit increase on the score for experience.   
Correlations within the model were computed for specific information about the contribution of 
each independent variable to the total explained variation of 41% in the dependent variable.  The 
results revealed that team process had the greatest unique contribution to the variance in strategy, 
accounting for 27.5% of the variance.  Team dynamics uniquely accounted for 2% and 
experience accounted for 3% of the variance in strategy.  In sum the variation accounted for by 
combining the unique predictor scores of 27.5%, 2%, and 3% is 32.5%.  The remaining 8.5% of 
the 41% variance in strategy cannot be identified because of the overlapping variance in the 
unique independent variables. 
Based on the results from the multiple regression analysis it appears that there are relationships 
between each of the independent variables and the dependent variable.  While overall the results 
only explain 41% of the variance in strategy, within the results there is interesting information 
about the set of variables as predictors of elements present in teams that adopt an integrative 
strategy for problem solving. Of particular interest are the findings about the experience variable.  
For instance, the fact that although a student’s experience with team work had a positive 
relationship with the team process and team dynamics, the relationship was not statistically 
significant.  However experience did have a positive and statistically significant correlation with 
integrative strategy.  More research is needed to better understand the influence of experience 
and its relationship to strategy.  Team process appears to have the greatest effect as a predictor in 
the model given the finding that with every 1 unit increase in process there is a predicted .67 z-
score unit increase on to teams utilizing an integrative strategy.  Based on this it is probable that 
improvements in team strategy may be accomplished by implementing a new process or by 
improving a process already in place.  Further investigation is needed to explain the remaining 
59% variance in integrative strategy as it is not associated with the set of predictors in this 
model.  
The results provide a framework for designing activities that provide students with opportunity 
to learn ways of improving their work in teams so that it they are effective in their approach to 
solving task related problems.  One limitation to the study is the small sample size of unique 
respondents.  Another limitation is the team size and limited discipline diversity on the team.  
The results are limited to student experiences in one course form one institution and may not be 
generalizable to the entire population of interdisciplinary course work.  However the study does 
provide tangible results that may be considered as a foundation for designing activities dedicated 
to improving team work skills.       
6. CONCLUSIONS 
While this study does not fully identify all the attributes associated with collaborative teams that 
practice an integrative strategy for decision making, the study does provide some answers about 
team process, team dynamics, and team experience.  Team process clearly had the greatest 







influence on teams that demonstrated an integrative approach.  It is important to note that the 
phrase “demonstrated an integrative approach” is referring to the study participants’ response to 
items on the questionnaire and is not a judgment of the end product in terms of academic 
evaluation by the instructors.   
Activities to prepare students for a collaborative team experience should be included in course 
work prior to the start of a project.  Time spent on addressing the factors to manage and on 
establishing team standards for interactions will be time well spent in preparing students for 
success.  Activities should go beyond discussion about the concepts to include the mechanics of 
team process.  Knowledge about how a team process works is important to developing team 
skills.  Dedicated instruction regarding the key elements of the teaming process with some 
methods and measures for each element will provide students with a basis for establishing their 
team process.  Key elements to include in the instruction are:  goal setting, communication 
approach, alternative analyses, decision making, and conflict management.  Requiring students 
to define and develop a team process consumes valuable project time, in the end however it may 
prove to actually reduce unproductive time and improve project outcomes.       
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Abstract 


In December of 2007, the faculty of the Civil and Environmental Engineering Program at 
Worcester Polytechnic Institute (WPI) and the Boston Architectural College (BAC) 
recognized the limitations of their own single discipline program orientation in teaching BIM 
concepts to their students and taking advantage of the relative proximity between the cities of 
Worcester and Boston in Massachusetts decided to experiment in creating a multidisciplinary 
educational opportunity by developing a collaborative term project as part of the course 
requirements for three graduate courses offered independently but simultaneously during the 
spring semester of 2008. These courses were BAC’s CD102/CD102A Integrated Design 
Studio, WPI’s CE584 Advanced Cost Estimating and CE585 Information Technology in the 
Integration of Civil Engineering. The experience was supported by the use of remote 
information technology as well as by promoting personal contact among students and faculty. 
The lessons learned from the experimental offering of the course were assimilated and 
incorporated in the offering of these courses in the spring semesters of 2009 and 2010. This 
paper describes the objectives, implementation plan and results derived from this 
collaborative academic effort. 
 
Keywords 
Building Information Modelling, Collaborative Design & Construction, Preliminary Cost Es-
timating, Design Constructability, Remote Collaboration, Design-Construction Integration, 
BIM in Education. 


 
1. INTRODUCTION 
Teaching the multidisciplinary aspects of Building Information Modelling (BIM) to students 
within the context of a given academic disciplinary program becomes very challenging in the 
sense that the professional expertise and practice is mostly limited by the instructor’s per-
sonal background and experience. A solution to overcome this limitation is often found in 
inviting guest speakers from other disciplines who present their views and experiences from 
their own perspective. This approach gives the students an awareness of multidisciplinary 
issues of BIM practice but does not provide enough personal experiential opportunities to de-
velop insights for the students. Some large colleges and universities offering architectural and 
engineering programs in the same campus are able to create collaborative multidisciplinary 
learning experiences for their students. Use of Information Technology also allows students 
from different programs and locations to collaborate in academic activities but still deprives 
the students of the opportunity to have a personal contact with the students of the other disci-
plinary program. 
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In December of 2007, the faculty of the Civil and Environmental Engineering Program at 
Worcester Polytechnic Institute (WPI) and the Boston Architectural College (BAC) in a joint  
presentation at Build Boston (Cherney et al. 2007)  recognized the limitations of their own 
single discipline program orientation in teaching BIM concepts to their students At the time, 
BAC was exploring how the use of  BIM and Integrated Practice could change the way in 
which BAC students could learn to be better architects, both inside the classroom as in firms 
as emerging professional. On the other hand, WPI construction management program offered 
by the department of civil and environmental engineering department program has been 
gradually integrating the use of BIM in some courses, project and thesis (Salazar & Conron 
2009), (Conron & Salazar 2008), (Salazar et al. 2006), (Salazar et al. 2004), (Salazar et al. 
2001). Therefore, the faculty directly involved with BIM at  both institutions considered the 
advantage of the relative proximity between the cities of Worcester and Boston in 
Massachusetts  as well as the advantages offered by Information Technology to support 
remote communications and decided to create a multidisciplinary educational opportunity by 
developing a collaborative term project as part of the course requirements. This was done  
initially for three graduate courses offered independently but simultaneously during the 
spring semester of 2008. These courses were BAC’s CD102/CD102A Integrated Design 
Studio, WPI’s CE584 Advanced Cost Estimating and CE585 Information Technology in the 
Integration of Civil Engineering. The lessons learned from the experimental offering of the 
course were assimilated and incorporated in the offering of two of these courses, CE584 and 
CD102/CD102A  in the spring semesters of 2009 and 2010.  
 
2. OBJECTIVES 
From the very beginning, it was decided that the individual educational objectives of each of 
these courses should be attained as originally planned but in the context of joint collaboration 
between the designer (BAC students) and the construction manager (WPI students) who were 
to provide pre-construction services (Preliminary Cost Estimating, Scheduling and Constructability Analysis) 
during the schematic design phase of a simulated project. In addition the use of BIM tools and 
the creation of a BIM model were required for the CE585 students in 2008. Because of the 
nature of CE584 and CD102/102A students taking these courses have been strongly 
encouraged to use BIM models and tools in the development of the design and construction 
management related academic activities. The use of BIM tools by these students has been 
gradually increasing. 
In each of the three years in which the collaborative term project has been developed by the 
WPI-BAC students, their work has been delivered in terms of a joint report containing 
several components. These components have changed in scope and detail as shown in Table 
1.  
For the spring of 2009, the objectives were the same as in the previous year although CE585 
participation was no longer included because the course was in transition and was not offered 
that semester. We added to the methodology as building on the 2008 year lessons learned 
For the spring 2010 studio the primary focus of the Boston Architectural College (BAC) was 
collaboration. The BAC is keenly interested in collaboration as part of the design process 
both within the design studio and office as well as, in this case (Spring 2010), with other 
disciplines outside of the studio.  
There were two primary objectives for this studio.  The first was to have the BAC studios 
interact with the WPI students in a way that make the projects more realistic from a cost and 
constructability perspective while enriching the process with an additional layer of 







information and therefore creating a more sophisticated and resolved project than may have 
been possible without the collaboration.   


Design (BAC) 2008 2008 
(CE585) 


2009 2010 


Site Plan Yes  Yes Yes 
Architectural Floor Plans Yes  Yes Yes 
Structural Framing Optional  Yes Yes 
Final Elevations Yes  Yes Yes 
Wall Sections & Interior Elevations No  Optional Yes 
Ceiling Plans No  Optional Yes 
Finish, Door & Window Schedule Optional  Optional Yes 
Major Equipment List No  Optional Yes 
Mechanical/Plumbing/Electrical Drawings No  No Yes 
BIM Model Optional Optional Encouraged Yes 


Construction Management (WPI)     
Constructability Analysis Optional Yes Yes Yes 
Preliminary Cost Estimate Yes Optional Yes Yes 
Construction Schedule Optional Yes No No 
BIM Model Optional Yes No No 
4D Model No Yes No No 
5D Model No Yes No No 
6DModel No Yes No No 


Table 1 Design and Construction Management Joint Deliverables 
The second primary objective was defining the methodology of collaboration. This 
methodology consisted of both the planning and organization of the project and process as 
well as the specific tools that would be used to implement this plan. The primary tool for this 
would be a BIM model that the BAC students would create and maintain for this objective. 
 


3. METHODOLOGY 
To accomplish the objectives for each course involved in the collaborative project each 
instructor needed to make some adjustments in the way they delivered the course. They also 
needed to coordinate these with the other instructors so the joint needs of the collaborative 
project could be accommodated.  The instructors involved additional consulting staff for their 
courses to provide technical and professional support for the term project. The instructors 
also had to contend with the varying number of students enrolled in each course and their 
corresponding background, professional experience, motivation, availability, commitment 
and familiarity with the use of BIM tools which included primarily but not exclusively 
Autodesk Revit Architecture software. 
Due to the academic requirements of the BAC program, each student enrolled in the course 
was required to develop their own design proposal. This was an interesting concept that 
eliminated the possibility of having the WPI engineering students becoming co-designers of 
the project which given the highly interactive and collaborative nature of BIM methodology 
and integrated delivery methods such as Integrated Project Delivery (IPD) may, in the future, 
be challenging this academic requirement. However, WPI students in the context of this 
project were expected to provide primarily construction management services but were not 
necessarily limited to these creating the opportunity for also providing design/engineering 







expertise for those who already have it. This was the factor controlling the number of groups 
and the distribution of BAC & WPI per group. For example in 2008 due to class sizes the 
methodology was to group each a single designer with a group of WPI estimators (CE584) 
and a student from (CE585) to develop a design, estimate, and constructability report.  The 
final team size ratios were 1 BAC, 3 CE584, and 0.5 CE585, see Table 2 below, 


ITEM 2008 2009 2010 
WPI CE585: Number of Students    3 None None 
WPI CE584: Number of Students   21 12   6 
BAC CD102/102A: Number of Students     7   4   6 
Number of Groups     7   4   6  
Group Ratio CD201/102A/CE584/CE585 1/3/0.5 1/3 1/1 


Table 2 WPI-BAC Group Student Ratio 
Each year, the project object of the design was different, however the location of the site was 
local so it could be visited and researched directly. In 2008 the project involved the 
remodeling of a train station in Natick MA. In 2009, it was the sailing pavilion in Boston 
MA. In 2010, it was decided that the project should be a common building type for which 
there would be ample precedents, information and expertise available and the North Allston 
elementary school was selected. In all cases, at the beginning of the term, students and faculty 
from both institutions arranged for a joint visit to the actual site of these projects to get to 
know each other personally and to collect information about the site characteristics both for 
the purpose of the design and the construction planning of the project. Students asked 
questions that began to make them aware of the unique perspectives each group brought to 
the table and the unique goals that would have to be reconciled as the designs began to take 
shape. The students were allowed to pair up on their own and they exchanged contact 
information.  
After the first meeting, the BAC students entered into a schematic design phase for 
approximately 4 weeks at which point they published their designs for comment to the WPI 
students. Due to the highly compressed nature of the design process for this studio, it was 
decided that the BAC students would produce schematic design with whatever methods they 
traditionally designed in and would not begin production of the BIM model until the design 
development phase.  The schematic designs that were produced ranged from hand sketches 
on trace and small sketch models, to traditional CAD models and drawings, to very basic 
BIM models, where the BIM was used primarily as a massing and drawing tool without 
regard to embedded data.  The schematic design was communicated electronically to the WPI 
students primarily through scans, digital photos and PDFs. The data was exchanged through 
WPI’s web portal Blackboard and WIMBA or through email attachments. The WPI students 
then began to give some basic general comments back to the BAC students. It was this first 
round of feedback that most significantly influenced the design for the majority of the 
projects. Although the comments were fairly basic, they tended to be more overarching at a 
time when the design was still fairly fluid and the students had not yet begun to construct 
detailed BIM models.  For example, comments or feedback on the number of floors or the 
construction type could still be considered in the design. 
Around mid-term, students presented their schematic design at the BAC facilities to all the 
instructors and to each other. After this presentation, the design development phase started 
and it would last for approximately 4 weeks after the conclusion of schematic design.  Over 
the next several weeks the communications cooled down as the BAC students focused on 
building their BIM models. For many of them, this was their first significant experience with 







BIM. The BAC had provided a teaching assistant that acted as the BIM tutor giving short 
lessons the first few weeks and providing specific out of class time for tutorials and one on 
one tutoring.  WPI students then took the schematic design and dissected it to determine 
means and methods for construction, conducted a constructability analysis of the design 
identifying missing elements, suggesting and discussing alternative design options with the 
architectural students to facilitate construction and reduce cost. After several weeks of 
developing the BIM models, with the deadline approaching, the designs began to solidify. 
The added task of maintaining a BIM model for others’ use became a significant time issue 
with more and more focus on the BIM deliverable and less focus on exploring specific design 
issues.  After delivery of the BIM model to the WPI students there was another round of 
significant feedback before the students presented jointly at WPI. This feedback primarily 
consisted of cost/square foot numbers and specifics that were driving any unusual results. 
While the WPI students finished their reports, the BAC students focused on presentation 
material. 
A final joint presentation of their design/construction planning/BIM models was made at 
WPI’s campus by each group at the end of the WPI spring term. Then a final discussion about 
the experience was conducted with all the students and faculty involved in the term project 
group/faculty. BAC students continued to working in their designs for a few weeks more 
until the end of their spring semester. During the summer, faculty from both institutions 
conducted discussions to assess results and to make adjustments for the future. 
The BAC-WPI level of interaction during the second phase of the term project was very 
different in 2008 in when the CE585 students were primarily responsible for the construction 
of the BIM model due to the nature of that class. In that year, this was the highly interactive 
part of the term project in which BAC-WPI students exchange ideas and solutions using 
primarily but not exclusively electronic discussion boards, email correspondence, web-based 
interactive sessions, telephone calls and occasional face-to-face meetings. In all this students 
from both institutions make heavy use of the Blackboard system at WPI called MyWPI which 
is also used for electronic file exchange posting. BAC students modified their designs 
accordingly and WPI students produce final cost estimates. BIM tools and BIM models were 
used to extract information for floor area quantification as well as for building component 
schedules (windows, doors, and structural components). In 2008, CE585 students also 
produced construction schedules and combined the BIM model with these schedules and the 
cost estimate to produce 4D and 5D corresponding models. 
 


4. RESULTS 
The results and experience derived from the work conducted over the last three years are 
discussed next. 
4.1 Spring 2008. 
Sample reports are showing next to illustrate the work jointly produced by the students. 
Figure 1 shows the only design fully produced using BIM tools in 2008. The type of project 
led to a variety of designs and level of construction input for each of them. The cost estimates 
for all seven designs ranged from $ 2.1 M to $ 22.4 M which shows that designers were not 
particularly concerned with meeting a budget for the project, which by the way was not a 
requirement to be met by the design criteria. However, the fact that preliminary cost estimates 
and constructability analyses were conducted gave designers an opportunity to discover the 
cost impact of their designs.  
 







 
Figure 1 BIM Model developed by A. Gomez (BCA) , A. Petrocchi, C. Keegan, B.  Skelcher 


(CE585) N. Alborzfard, C. Powers, (CE584) 


There was less detail in some of the final designs which caused some of the estimates to be 
more of a conceptual study rather than a final design development estimate.  The accuracy of 
the final design and pricing was not the main criteria.  We were looking to demonstrate the 
process of interpretive collaboration and focus on communication between two groups of 
professionals to add information from their respective specialties.  
 Although all students, professors, and reviewers agreed that the first pass was successful they 
also agreed to further refine the process.  Some of these lessons learned pointed to earlier 
design models, more information in the model and less diagrammatic sketches, project had 
some additional unique challenges in terms of maintaining an operating commuter rail 
amongst construction on both sides of the site.  Some design elements were not economically 
feasible and more focus on the value engineering collaborative process should be explored in 
the future.  During the process the students used a blend of software solutions including 
Sketchup, Revit, Sage Timberline, On Screen Takeoff, and Adobe Acrobat. 
 
4.2 Spring 2009 
The designs were able to be developed to a high level of BIM integration than the first year 
due to introducing the teams much earlier in the semester.  The class was a combination of 
lecture and collaboration which was successful in providing a much higher level of design 
and better cost estimates.  This semester the CE584 students were also responsible for con-
structability reviews and various value engineering sessions to be held in conjunction with 
the model building.  The lesson learned from the second collaborative session was the type of 
project again was very unique and brought in design elements such as cofferdams and sea-
walls making the site more difficult to analyze without the additional input from various de-
sign engineers.  The WPI students filled this role but the actual engineering was out of the 
scope of the course.  We held a lessons learned session and discussed making the project 
more vanilla boxed, i.e. hospital, school etc. 
 
4.3 Spring 2010  
From a design perspective, supporting the BIM model caused an uneven design process. The 
designs were rushed through schematic design at some cost to the critical process. Once the 
construction of the BIM model began, students were apprehensive to make design decisions 
that would un-do the BIM model. These are very real pressures in an office environment but 
are pressures seldom felt in the academic studio.  The feedback did not create enough 
opportunities to offset this, resulting in designs that tended to be more grounded though not 
as critical as you might get in a traditional design studio. 
During the estimating phase of the collaboration the WPI students were fully engaged in 
gathering the various levels of models and both schools respectively communicated well with 
one another to develop the designs.  Although the early BIM models certainly lacked 







sufficient detail to complete a conceptual estimate from the model alone it was an overall 
advantage to have access to the 3D data and information contained therein.   
The BIM software was understood by the students in the studio environment much faster than 
in a software instruction class and the breadth of that understanding was much greater. This 
was primarily due to the fact that the software was learned during a design process that 
developed unique and unforeseen problems rather than in a class where there are specific 
tasks presented in specific order over regular periods of time. The students quickly developed 
an extensive understanding of the software and its capabilities and this grew with each 
problem presented, whereas students taking a software class, tend to be task-oriented, 
drawing only from the specific tools given to them rather than developing unique solutions 
for unique problems. 
Although the students were provided with a collaboration site on the WPI network, most 
students tended to use ad-hoc methods for collaborating as they were primarily emailing and 
doing simple file transfers.  Also the BIM information only went in one direction. The BIM 
models were used by WPI students to study the building and to extract data, but none of the 
unique information provided by them flowed back through the model.  Instead it came 
through more traditional electronic documents (word processing, spreadsheets, PDFs, etc.) 
through email. This meant there was little need for the students to maintain a single point of 
reference for their files or models; the latest received was the latest.  
If the students had to collaborate in the BIM model they would have needed either a more 
robust environment to share the model remotely and simultaneously, or lacking that, would 
have to organize the model and the process so they had a composite model that was updated 
on regular established intervals, thus being virtually live if not up to the minute.  
It would also be beneficial for the BAC students get more regular feedback that they can 
engage more fully from the point of design. It was discussed at the final presentation that 
perhaps having structural engineering students collaborating with architecture students would 
encourage the architecture students to take more risks and then work through those issues 
producing a unified model that is fully owned by both parties. 
 


5. CONCLUSIONS 
After three years of experience conducting the collaboratie term project with the faculty and 
students of both institutions it can be concluded the learning that has taken place and the 
benefits the students have derived from the experience outweighs the amount of faculty effort 
and coordination efforts involved in such an ambitious project. An infrastructure is in place 
now to continue with this collaboration. Additional experience is gained each year allowing 
the faculty toidentify areas for continuous improvement and better efficiency.  
BIM tools and concepts continue to gain ground in our industry and educational system the 
students shall be able to  “dig deeper” into the collabrative aspects and nature of the BIM  
approach. As BIM becomes more and more prevalent and students develop more 
sophistication earlier in their education, the issues of providing BIM support and training in 
the studio will be alleviated and more time can be spent on design.  This will also make 
students more receptive to the kind of regular changes that collaboration can introduce to the 
design process. 
The issue of collaboration has always been an essential element of this term project, however, 
the lessons learned over these three years have allowed the faculty to better understand the 
interactions among all involved and make them better structured and more efficient.  







The development of the BIM model has become primarily the responsibility of the BAC 
students. This has caused the level of interaction between students of both institutions to 
diminish during the second phase of the project. 
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		In December of 2007, the faculty of the Civil and Environmental Engineering Program at Worcester Polytechnic Institute (WPI) and the Boston Architectural College (BAC) recognized the limitations of their own single discipline program orientation in teaching BIM concepts to their students and taking advantage of the relative proximity between the cities of Worcester and Boston in Massachusetts decided to experiment in creating a multidisciplinary educational opportunity by developing a collaborative term project as part of the course requirements for three graduate courses offered independently but simultaneously during the spring semester of 2008. These courses were BAC’s CD102/CD102A Integrated Design Studio, WPI’s CE584 Advanced Cost Estimating and CE585 Information Technology in the Integration of Civil Engineering. The experience was supported by the use of remote information technology as well as by promoting personal contact among students and faculty. The lessons learned from the experimental offering of the course were assimilated and incorporated in the offering of these courses in the spring semesters of 2009 and 2010. This paper describes the objectives, implementation plan and results derived from this collaborative academic effort.
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ABSTRACT 
 
In this paper, the authors present their experience at integrating the Building Information 
Modeling / Management (BIM) concepts between two departments; the Building 
Construction Management (BCM) and Computer Graphics Technology (CGT). BIM is 
the process of generating and managing building data, which encompasses building 
geometry, spatial relationships, geographic information, and quantities, and properties of 
building components. While the common approach is to incorporate BIM into 
engineering and construction, management programs, at Purdue University, we argue that 
there is more value in generating BIM models by joining efforts between the two 
departments. It reflects real world experience where construction managers seek the 
expertise of graphics modelers to produce the BIM model while they remain focused on 
the construction practices. Taking this concept beyond the curriculum of construction 
management and integrating with computer graphics technology proved very valuable 
experience for both departments. The CGT students found a context where they applied 
their graphics expertise while the BCM students provided the content expert of building 
systems. Teams of students from both departments joined efforts to generate a BIM 
model of an existing building. BCM students interpreted the existing 2D drawings and 
the CGT students developed the BIM model. The model consisted of a 3D representation 
of the existing building using Revit Autodesk software. The students used Revit 
architectural to develop the architectural component of the building; Revit structural to 
develop the structure shell; Revit MEP to model the mechanical, electrical, plumbing and 
fire systems, and Navisworks was used to integrate all of the developed models and 
create a simulation, walk through, and clash detection. This paper will highlight the 
challenges the students face in this setting as well as the software shortcomings in order 
to achieve a BIM model. 
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Introduction 
 
Construction Management programs are working towards developing Building 
Information Modeling (BIM) emphasis within the curriculum. The construction industry 
is also requesting and pushing through their Curriculum Industry Advisory Boards 
towards such implementations. Owners are starting to require BIM as part of the 
specifications towards the award of the project. The challenges towards the BIM 
implementation is that the curricula are already charged, and adding new classes are 
going to be at the cost of deleting some existing courses. BIM courses vary from software 
courses where student become proficient with the BIM software, and BIM classes where 
students focus on the Information sharing and documentation. In order to implement BIM 
in the curriculum, the curriculum needs to be revisited. BIM modules, that target the 
Information management aspect of BIM, are introduced in the various classes and new 
classes are developed to teach the modeling part of BIM. Students who are currently 
going through the program will be better prepared and familiar with the new technology 
and BIM technology in particular. However the industry is filled with construction 
managers who are reluctant to jump on board of the BIM wagon, and concerned of 
loosing productivity by going through the learning curve and trying to take on new 
technology. As an alternative, current construction companies are creating positions for 
BIM managers, where they are seeking to hire technological savvy and modeling experts 
to bridge the technology gap, and come up to speed in the BIM area. These people can 
have architecture background, previous architects, or architecture students who can 
handle CAD software, and BIM software, or recent graduates who are experienced in 
BIM technology. In this paper we present another alternative to tackle the challenges that 
faces the construction industry. Computer graphics students are skilled in computer 
software, and visualization, which makes them strong candidates to fill the position of 
BIM manager once trained on the concepts of construction management.  
 
 
Course rational 
 
Introducing a new modeling class in the construction management curriculum required to 
bring a modeling expert to become part of the team. The challenge is that people with 
modeling expertise are not necessarily expert in construction practices. A joint 
partnership was developed among the departments of construction management and the 
computer graphics, in order to tackle these challenges. In an experimental class, students 
from computer graphics team up with students from the construction management to 
develop a BIM model for a facility. The construction management student helped the 
computer graphics students with blueprint readings, the operations and details of the 
various systems. The exercise was very well received by the students from both 
departments the construction management and the computer graphics. As both parties felt 
that they are facing a simulation of real life collaboration between two parties with 
different backgrounds. It was an interdisciplinary activity where students from computer 
graphics were getting ready to become the next BIM managers as they are building the 
expertise in BIM modeling, clash detection, and construction documentation. The 
construction students were observing the challenges of BIM modeling, getting involved 







in the process and working closely with the graphics students - the future BIM modelers. 
The course was divided in 8 modules where the students were introduced to various 
concepts to better understand the goals, objectives, and benefits from having a BIM 
model. 
 
 
Course Anatomy 
 
The course was created around 8 modules that cover the modeling aspects of BIM and 
information sharing. Table 1 shown below summarizes the various modules as well as the 
intentions from these modules. 


Module Justifications 


Study on Contracts and Project 
delivery methods 


Understand the settings and boundaries of 
the project 


Study on Integrated practices Apply BIM in the settings of an integrated 
practices project such as Design Build 
project 


Study on Parametric Modeling Understand the nuance between 3D 
modeling and Parametric modeling 


Study on BIM Standards and IFC Understand the various standards that 
control the software interoperability 


Study on Object Oriented 
programming 


Understand the concepts of object oriented 
programming and how it relates to lifecycle 
project information management 


Study on Information sharing 
and team responsibilities 


Understand the various roles of the 
participants 


Study on project documentation 
and communication 


Understand the required documentation of 
work in progress 


Study on collaboration and 
coordination 


Leverage the BIM expertise towards the 
success of the construction project 


Table 1: BIM modules and their rational 
 
The table 2 shown below summarizes the various exercises the students had to complete 
in order to develop the complete BIM model. The students worked a series of exercises in 
preparation to developing the final project which consisted of recreating a complete BIM 
model of an existing building on campus. The building offered a unique experience to the 
students, especially that it was complex project designed using a mixture of systems steel 
structure for a frame, the outside shell was made out of precast concrete and bricks, the 







inside walls are made of CMU and some are drywalls system. The HVAC systems was 
also challenging as some parts of the facility were on an independent system. 
To add to the student challenges, the students were asked to work in groups, where each 
group was in charge of a portion of the building. The students needed to learn to manage 
and coordinate the BIM model development, just like in real life, where multiple parties 
are involved in the design process. 


Lab Challenges 


Create a wall component The walls used in this building were unique and 
no representation of the existing walls could be 
found in the Revit library. The students had to 
recreate the component to create true 
representation 


Creating a host model Students learned to develop a host model in 
preparation to link the several models, 
Architectural, Mechanical, Electrical, and 
Structural 


Creating the Structural 
Model 


The students worked on bits and pieces of the 
building, and had to link their parts to the host file 
to share with other groups 


Creating the Architectural 
Model 


The students worked on bits and pieces of the 
building, and had to link their parts to the host file 
to share with other groups 


Creating the HVAC Model The students had to work off the Architectural 
model to install the Mechanical components in the 
facility. In addition, each group of students 
worked on a part of the HVAC system for the 
building, and link their work to the host project 


Creating the Electrical 
Model 


The students had to work off the Architectural 
model to install the Electrical system in the 
facility. In addition, each group of students 
worked on a part of the electrical system for the 
building, and linked their work to the host project 


Coordination using 
Navisworks 


The students checked for clashes and spatial 
conflicts using Navisworks. The students learned 
valuable lessons on what can go wrong in the 
settings of a project collaboration, where multiple 
users are working on bits and pieces of the model 


Table 2: Modeling exercises with their respective challenges and lessons learned 
 







Table 3 shown below summarizes the list of software the students used to develop the 
BIM model for this collaboration class. 


Model Software 


Architectural Model Autodesk Revit Architectural 2010 


Structural Model Autodesk Revit Structural 2010 


HVAC Model Autodesk Revit MEP suite 


Clash Detection and simulations Autodesk Navisworks 
Table 3: Software used in the class 
 
 
Course Challenges and Lessons learned 
 
The class proved to be a very valuable experience for both graphics students and 
construction management students. The first challenge was the communication between 
the construction students and the non construction students and their attempts to convey 
the technical knowledge in their respective areas to others who do not share the same 
technology and terminology. Modeling was a huge challenge as the students were 
working on separate parts of the project and have them all linked to a central file where 
theoretically all parts had to fit. The students learned the hard way the importance of 
setting up a consistent reference with the central file. The students also learned the value 
of having a BIM manager to manage the central file. As far the MEP parts, the students 
realized that lack of the understanding of the basics of the various systems made their 
modeling work much more challenging, as modeled parts always ran errors. Parts of the 
lessons were dedicated towards the explanations of how these systems worked. Students 
learned that Revit MEP suite expected the components and the systems to be built 
according code and standards, and they realized that they had to know the basics about 
these systems if they wanted to be able to model them. Finally, when it came to 
Navisworks and clash detections, the students realized that the value of the work is in 
having an accurate model, otherwise the Navisworks will not be as valuable. 
Students felt that their job would have been much easier if: 
1- Students developed their own complete models 
2- Students worked independently from other teams 
 a- to avoid delays in the process 
 b- to avoid constant re-alignments of coordinates  
 c- to avoid having redundant components 
3- Students better understood the systems and the construction standards 
The students also realized that even though the software they used were AutoDesk 
products, they did not talk to each other smoothly, and lots of tweaking was needed in 
order to get a working model. 
 
Conclusions 
 







The presentations of the students’ final project demonstrated that the students were able 
to learn from each other. The construction students were more knowledgeable about the 
software limitations and capabilities. They had better understanding of the technology 
and how to put it to use in order to achieve their construction management objectives. 
Graphics student had a real life experience, and realized what are the tasks and challenges 
that await them once they work for a construction company. They had better 
understanding on reading the drawings, and where to look for information as well as the 
value of working closely with an experienced construction personnel to make sure they 
understand the details of the various systems they will be modeling. 
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ABSTRACT 
The Architectural Engineering Department at The University of Wyoming (UW) has designed its 
undergraduate curriculum to focus on building technology, energy efficiency, and 
interdisciplinary design.  Five years ago UW decided that the design studios should be completed 
using building information modeling (BIM).  Last year the program started leveraging BIM 
models for whole-building simulation and building performance analysis. This year we took one 
step further to integrate an Architectural Design Studio with an Advanced HVAC course for a 
multidisciplinary integrated design experience. 


The intent of this paper is to document the recent efforts undertaken by The University of 
Wyoming’s Architectural Engineering program to implement Integrated Design in an attempt to 
discover and then teach the technical processes of designing a building for optimized 
performance. 


Keywords: Integrated Design, Multidisciplinary, Energy Modeling, Environmental Analysis, 
Building Information Modeling (BIM), Architecture Education, Engineering Education 
 


 
 
1  INTRODUCTION 
It is imperative for Architecture and Engineering programs to explore methods of teaching 
Integrated Design due to the rapidity of change in professional practice.  Clients today are 
demanding a level of energy efficient design that most practicing architects are incapable of fully 
delivering, which has prompted a recent thinking that the early design teams need to reshuffle 
members and restructure fees and responsibilities.  Design teams are now more often going after 
projects as joint Architecture/Engineering teams in an effort to bring more energy expertise into 
early decision-making.  But for all its talk, the design profession is having a difficult time 
implementing Integrated Design.  


The problem in the industry is partially a sociological one (making teams collaborate), so part of 
our challenge is to simulate the sociological aspect in an academic setting.  Simply teaching high 
performance building design can be approached very technically, as with teaching any skill (such 







as playing the violin), but to prepare students for the profession, they need to learn both technical 
and team-working skills. In this, the age of BIM and sustainability, preparing students for the 
profession also means preparing them to upwards mentor in the areas of green building and 
applied software skills.  But to excel as leaders in the profession, we feel that they should be able 
to do more—they they should be able to successfully integrate iterative analysis into the design 
process.  


There are few existing models in academia, despite the fact that ABET and NAAB accreditation 
requirements demand that students work collaboratively in multidisciplinary design teams 
(ABET 2007; NAAB 2009).  One program reported success when pairing architecture students 
with visiting engineering professionals (Boniface2009).  Others have described projects where 
architecture students ‘role-play’ as planners, landscape architects, etc. (Angulo and Velasco 
2007).  Our institution has previously explored long-distance collaboration between architecture 
and engineering students (Hedges et. al. 2009).  


This study concludes that continued exploration and implementation is needed, both in the 
approach of teaching technical skills and in forming multidisciplinary team structures and 
workflows.  Despite successful experiences, we are undecided whether to focus on 
multidisciplinary teamwork, or on teaching high performance design to all disciplines with the 
assumption that anyone could be designing buildings in the near future. 


2  INTEGRATED DESIGN PROCESS 
The use of the phrase Integrated Design in the industry can either refer to a holistic approach 
towards design which involves experts from many disciplines weighing in early, or alternatively, 
to a design collaboration between the architect and the mechanical systems engineer which leans 
heavily on iterative simulation as a means of achieving high performance design. While we wish 
to simulate both conditions in the classroom, we understand that students are not yet experts in 
their discipline; therefore, the intent of the Integrated Design course for us is to teach high 
performance design strategies through the use of iterative simulation.   


Creating a multidisciplinary studio has understandable challenges, and so we believe it is 
reasonable to also use Integrated Design to describe the use of a combination of “architectural” 
software programs with “engineering” analysis programs, though ideally you would have an 
engineer at least reviewing the analysis.  Other experimental Integrated Design studios have also 
celebrated the combined use of design and analysis software as critical factors in their success 
(Rashed-Ali, et. al. 2010).  While mentioning software tools, it is worth noting that a crucial step 
in this process, both for academic and professional projects, is the utilization of building 
information modeling rather than more generalized 3D geometry modelers.  With a BIM based 
design process the live model can always reflect the latest design, enabling analysis iterations to 
be conducted quickly and efficiently. 


2.1  Types of Analysis 
Traditionally when people talk of simulation software, many focus entirely on energy modeling, 
paying little attention to daylighting analysis, solar analysis, computational fluid dynamics 







(CFD), and detailed heat transfer.  We have come to understand that there are many problems 
with an over-reliance on energy modeling in the evaluation of building performance. First of all 
the energy model oversimplifies the effects of daylighting, airflow, solar gain, and heat transfer 
on energy consumption, particularly where the design addresses these issues at a high level of 
detail.  As an example, daylighting analysis tools have long since reached a higher level of 
sophistication then the earlier daylight factor methods still found in many energy modeling 
programs (Reinhart and Jones 2004).  Second, when evaluating discomfort the traditional energy 
model does not adequately evaluate issues related to airflow, glare, or solar radiation, nor does it 
graphically display problematic results in a way that is meaningful to the designer. 


Furthermore, the margin for error with energy modeling can be very great due to the uncertainty 
of many parameters, while the margin of error for detailed environmental analysis can be much 
lower as a result of fewer parameters and highly accurate geometry. Consequently, the most 
effective design analysis process requires a combination of environmental analysis using detailed 
building geometry, and energy modeling using a simplified model (Gardzelewski 2010).  This 
relationship is most evident in simulation programs such as Integrated Environmental Analysis 
(IES) and Design Builder, where detailed environmental analysis results can directly affect the 
energy simulation, and vice versa.  By contrast, less sophisticated programs often substitute 
simplified algorithms for detailed calculation methods. 


While every simulation program has different capabilities and methods, we can think of the 
optimal process as one having cyclical iterations between energy modeling and other types of 
detailed environmental analysis, happening at least once in every stage of design (figure 1).  
Between the stages in this cyclical process, there is the opportunity for many more iterations of 
environmental analysis, particularly if the designer is using analysis as part of his/her design 
process (e.g. designing the optimal size and shape for a light shelf). 


 


 
Figure 1: Multidisciplinary Integrated Design process 


 







Taking things a step further, if the design team is conducting their own energy modeling there is 
the potential for many more energy modeling iterations.  Generally the architects steer away 
from energy modeling out of the fear that they will not achieve accurate results or that the client 
will not trust their results.  However, those who undertake energy modeling find it particularly 
useful in the crucial planning stages, where a building form can be designed to optimize energy 
saving strategies such as passive solar, daylight harvesting, natural ventilation, etc.  This level of 
sophistication is the hallmark of ‘best practices’ in industry (Becerik-Gerberand and Kensek 
2010) as well as a goal for undergraduate education. 


2.2  Levels of Integrated Design 
As previously mentioned, successful Integrated Design in practice usually involves active design 
analysis by both the architect and the engineer, however there are many different methods in 
which design analysis is currently being implemented.   


 Iterative Analysis—analysis can be performed as an isolated exercise, or in iterations, either 
driving the iterations or being used in a comparative manner.  While we prefer not to see the 
isolated exercise, this often what you get with firms or projects teams that are new to the use 
of analysis. 


 In-house vs. Multidisciplinary Analysis—analysis can either be done in-house, or by the 
building systems engineer as part of a multidisciplinary process.  


For the further clarity about how analysis is being used we can split these into four categories: 


 In-house design analysis is the process where the designer subcontracts out a specific type 
of analysis as design validation, most often for colorful images to be included with a 
presentation or a set of deliverables.  In this case the designer has an idea that the building 
will perform well at certain task, which they want to convey graphically to the client. 


 In-house iterative design analysis is a more rigorous process where the designer has 
analysis capabilities which he/she utilizes to inform the design decisions.  This category also 
includes the scenario where there is an analysis expert on the design team who the designer 
works with in optimizing different aspects of the design.  With an iterative process, the 
designer knows that the building will perform well and wants to convey visually the rigorous 
process that led to this design.  There is a strong argument that the final building will perform 
much better if the design team is doing iterative analysis, but the clients are not yet 
convinced—after years of seeing Photoshop enhanced make-believe, there is skepticism that 
the same is being or will be done with analysis results. 


 Multidisciplinary analysis is the process by which the building systems engineer conducts 
building simulation and presents the results (usually including systems design alternatives) to 
the owner and the architect.  The advantage of having the engineer conduct the analysis is 
that they are the ones who typically take most of the responsibility for building performance, 
so they often have much more expertise translating into more trust in the analysis results. 


 Multidisciplinary iterative analysis can be done a couple of ways.  Energy modeling can 
come at the very beginning of the project, where each subsequent design iteration is 
evaluated for energy consumption.  An alternative approach is where the mechanical 
engineer works directly with the owner in coming up with optimal building form and design 
strategies, setting the design constraints for the architects (a role reversal of sorts).  Clients 







with a strong commitment towards energy efficiency, particularly net zero, are relying more 
and more on the engineer’s analysis to make the crucial decisions.  


As we compare these different methods it becomes evident that an iterative process is far 
superior, but to make a value comparison between in-house and multidisciplinary analysis is a 
very serious proposal—it nearly requires one to take a stance on which profession is more 
qualified to make the design decisions affecting our buildings.  Whichever direction the industry 
goes tomorrow, it is clear today that designers need better analysis skills and engineers need 
better design skills. 


3 CASE STUDIES 
3.1  Academic Case Study: In-house Analysis 
For students to develop analysis software skills they need practice. An easy way to do this is to 
require a list of simulations that they must present with their design projects.  The process of 
running a simulation forces the student to learn the parameters affecting the results, and how the 
results translate into building performance metrics.  Ideally, students trained in this process will 
see analysis as an integral and instrumental part of architectural design; not an optional or 
supplemental function. 


Simply requiring analysis unfortunately does very little to ensure that a design will perform well.  
Students will fix noticeable problems, such as rooms without any daylight, but if analysis is only 
required at the end, most students will not actually incorporate it into their design process. 


With a single simulation it is also common that students will run the wrong type of analysis.  But 
if they are required to improve their designs, then they have to pay more attention to what they 
are evaluating to determine how they can improve upon it.   


3.2  Academic Case Study: In-house Iterative Analysis 
To ensure that students utilize analysis to improve their designs we developed what we call the 
Integrated Energy Design project (figures 2 through 4).  This project starts with the analysis of 
an existing building or a new building design. After the initial analysis, students must 
demonstrate improvement through before and after studies.  Specifically, the students are given 
the following design requirements: 


• Build a base energy model, or, carefully study climate, building type, and existing utility 
bills to determine the best possible energy saving strategies. 


• Through design, increase the solar gains during the heating months and reduce the solar 
gain during the cooling months.  Quantify the gains and reductions in solar energy. 


• Through design, provide all occupiable spaces with adequate usable daylight.  Show how 
you will reduce glare where direct sunlight enters the space. 


• Through design, reduce the total glazing on non-south facing facades while meeting all 
other objectives. 


• To the extent of your abilities, determine the energy savings for the new scheme. 
 







 
Figure 2: Original vs. Proposed designs including before and after analysis (Joel Helenbolt) 


 


 
Figure 3: Original vs. Proposed designs including before and after analysis (Amanda Hansen) 


 


 
Figure 4: Proposed design including before and after daylight analysis (Doug Fankell) 


 







3.3  Academic Case Study: Multidisciplinary Analysis 
In an on-going integrated, multidisciplinary design studio, we have paired a design studio with 
an advanced HVAC course, with the two classes working together on the same project; the 
renovation and expansion of an existing library.  While an existing building requires a slightly 
different analysis process than new construction, as a project type it is becoming much more 
common in the current industry. In organizing this studio we have matched the number of HVAC 
students with the number of design teams so that each separate scheme has a dedicated 
“engineer.”  


The HVAC class first creates an energy model for the existing building, which is calibrated using 
recent gas and electricity bills.  The calibrated energy model is then used to evaluate retrofit 
options such as replacing windows, adding insulation, and replacing the mechanical equipment.  
The engineers then explore slightly more aggressive strategies, such as the addition of skylights, 
atriums, or active facades, and the results from these studies are used to set the guidelines for the 
renovation and expansion of the existing building…   


3.4  Academic Case Study: Multidisciplinary Iterative Analysis 
At some point before the mid-term review of the same project, the “architects” will take the 
design lead, and the “engineers” will have to update their energy models to reflect the current 
designs.  


The immediate challenge is in developing a schedule for iterations, and defining the roles and 
responsibilities of the team members—very similar to the challenges of a real project.  The most 
difficult challenge from the instructor’s (project managers) perspective is in knowing how to 
reasonably determine the appropriate number of design and analysis iterations, and with it the 
quantity of effort and the quality of the design.  This again parallels the real world, where credit 
hours and the grade can be thought of as a substitute for fees, and the number of design iterations 
may very well be limited by the student’s desire to only do work that they feel they are 
contractually obligated to do.  Unlike a real project, however, we cannot simply increase the 
scope or extend the deadline, so if the course expectations are greater than what can reasonably 
be accomplished, the process may fall short of its mission.  We expect to see a very energetic 
process, fueled by excitement and the scientific rigor of discovering an optimal design.  We will 
also be eager to see if power struggles arise between the architects and engineers. 
3.5  A New Breed  
In an architectural engineering program, many students feel strongly that they should be able to 
practice both architectural design and engineering simultaneously.  On occasion, these students 
will be unusually motivated to pursue iterative design analysis. One example (figure 5) shows 
the optimal building form for an office building in Laramie Wyoming, derived from exhaustive 
analysis iterations, with thoughtful consideration on how form can influence various green 
design strategies.  In another example (figures 6 and 7) the challenge of designing a net zero 
building is met through rigorous analysis, including PV calculations, wind power studies, even a 
bio-inspired trombe wall-variant that collects 40% more solar energy while providing excellent 
daylight.  These kinds of outstanding efforts provide a model for future aspirations. 







  
Figure 5: Building Form Energy Analysis (Ryan Meyer) 


 


 


                    
a) CFD analysis      b) Energy simulation model             c) Iterative results 


Figure 6: Examples of iterative analysis in the design studio (Ryan Meyer and Trent McAteer) 


 


 
Figure 7: Example final presentation boards (Ryan Meyer and Trent McAteer) 


 







4 CONCLUSIONS 
Having experimented in the last couple of years with various levels of Integrated Design in the 
classroom, it is clear that students benefit from employing iterative analysis in an architectural 
design process, though time is taken away from other aspects of ‘design’.  A similar study has 
concluded that integrating simulation tools “requires a change from the traditional studio format 
(Rashed-Ali, et. al. 2010).“  One might argue that a global shift towards sustainability in the 
design studio happened long ago, but that the practical methods of achieving this are only 
beginning to be explored.  While methods of teaching design studio will always be debated, our 
own experiences point towards iterative analysis as an unrivaled teaching tool for understanding 
building performance and energy use.   


We are not yet ready to make any hard conclusions about which specific types of Integrated 
Design are most successful in the classroom.  As a necessity the students must be working in a 
BIM environment.  From here it is clear that success depends on the incorporation of analysis 
into the design process, where a gauge of success is often the number of analysis iterations and 
their consistency throughout the project.  It is a challenge to structure a design courses to require 
analysis iterations, however, doing so is an unmistakable benefit to the students and to the 
program as a whole. 
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Abstract- This paper describes an experimental classroom experience at The University of 
Southern Mississippi in which Master's level Construction Management students and 
undergraduate Computer Science students collaborated to produce a prototype of excavation 
workflow based on Occupational Safety and Health Administration (OSHA) and United States 
Army Corp of Engineers (USACE) standards.  The Construction Management students met with 
subject experts from the ERDC CAD-BIM center and applied their expertise to develop 
extensive flowcharts for OSHA and USACE earthwork code compliance. These flowcharts 
included building and site information that could be retrieved automatically from BIM electronic 
documents as well as workflow for gathering required input and paperwork from various types of 
construction professionals.  The undergraduate students in the Computer Science class, "Process 
Engineering", prepared for the joint classroom exercise by studying "workflow engines" which 
are used to implement large numbers of sequential or dependent activities. The two sets of 
students then met to finalize the requirements encoded as earthworks code compliance 
flowcharts.  The Computer Science students then developed an automated workflow that 
matched the specification developed by the construction students.     
 
This paper discusses this unique interaction between Construction Management students and 
Computer Science students to work on BIM Code compliance that allowed Construction 
Management students to gain a valuable experience by (1) learning the earthwork rules in a 
highly systematic way, (2) considering code compliance data that could be derived from or input 
into a BIM model and (3) interacting with the Computer Science students who had a 
fundamentally different way of approaching the exact specification of rules and workflow. On 
the other hand, this interaction allowed Computer Science students to gain a valuable experience 
by (1) working on a real world application of process workflow, (2) learning about Building 
Information Model (BIM) software and considering the properties that could be automatically 
calculated from BIM data and (3) participating in elicitation exercises with the Construction 
Management students who had real world knowledge to make complex OSHA and USACE 
codes understandable.   
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Introduction 
 
Students in Construction Management generally learn about Earthworks code compliance 
through series of textbook paper and pencil exercises learning about various safety code or 
recommendations such as those shown in Figure 1.  This provides raw information but does little 
to prepare students for the actual jobsite decision making process, which involves series of 
calculations and decisions applying the codes and/or safety rules they have learned in a 
systematic way.    
 


Material Bucket Fill Factor 


Common earth, loam 0.80-1.10 


Sand and gravel 0.90-1.00 


Hard clay 0.65-0.95 


Wet clay 0.50-0.90 


Rock, well blasted 0.70-0.90 


Rock, poorly blasted 0.40-0.70 
1. Apply OSHA slope ratio to determine dimensions of 


excavation boundary at ground surface.  This provides 
all dimensions required to calculate the absolute 
volume of the excavation. 


     
Figure 1: Typical Earthworks paper and pencil exercise.  


 
Similarly, Computer Science students typically learn various Software Engineering skills 
through application to imaginary problems without real "clients" or actual deliverables.  Figure 2 
shows a typical student project from "Process Engineering", the Software Engineering study of 
organizational process software development.   
 


 
Figure 2: Typical "Imaginary" Process Engineering exercise. 







 
This paper describes an experimental semester-long classroom experience at The University of 
Southern Mississippi in which Master's level Construction Management students and 
undergraduate Computer Science students collaborated to produce a prototype of excavation 
workflow based on OSHA and USACE standards.  The objectives of the experiment where (1) to 
provide Construction Management students with a more structured and practical learning 
experience in which they considered the set of standards as complete body of knowledge to be 
followed step by step as laid out in a flow chart and (2) to provide Computer Science students 
with a more focused process development experience with real clients and a real product to be 
implemented using real world professional development tools.   
 
 
Background 
 
In Construction Management, excavating is recognized as one of the most hazardous 
construction operation [1] Therefore, OSHA has established a set of standards to increase the 
safety of jobsites to protect the workers.  The standards includes a wide range of elements 
including but not limited to:  Soil classification, test equipment, shorting types, shielding types, 
sloping, benching as well as special health and safety considerations. In addition to the OSHA 
Technical Manual, the USACE also uses their internal Safety and Health Requirements Manual. 
The purpose of this manual is to prescribe the safety and health requirements for all Corps of 
Engineers activities and operations [2]. It is important to highlight that the USACE standards 
indicates that where more stringent safety and occupational health standards are set forth, the 
more stringent standards shall apply.   
 
Although significant effort are placed to reduce the risk of excavation, U.S. Bureau of Labor 
Statistics (BLS) data show that 271 workers died in trenching or excavation cave-ins from 2000 
through 2006. A review of multiple national databases by NIOSH researchers found that 
trenching and excavation hazards during construction activities resulted in 488 deaths between 
1992 and 2000 - an average of 54 fatalities each year. Sixty-eight percent of those fatalities 
occurred in companies with fewer than 50 workers. Forty-six percent of the deaths occurred in 
small companies with 10 or fewer workers [3]. 
 
On the other hand, Software Engineering is a very rapidly evolving field with numerous tools 
and techniques to be presented to students as they learn about the software life cycle.   However, 
a growing body of research has indicated that the focus on abstract concepts underlying various 
Software Engineering tools does not prepare students for real world software development [4, 5, 
6].  In the recent review article the author laments that Software Engineering education has been 
"...focused largely on SE's engineering aspects, at the expense of its human and social 
dimensions." [4]  The ultimate solution to this problem is to present Software Engineering tools 
in the context of a real problem with real "clients" and delivery requirements which gives the 
students both the abstract conceptual understanding of the tools presented and also a better 
understanding of the human and social dimensions of software development.   
 
One required element for Software Engineering students is that they learn one or more workflow 
development software's or engines.  Workflow engines are very widely used in industry to 







develop software which supports complex sets of interlocking and dependent activities, for 
example a set of web pages which leads the user through applying for a car loan.  Workflow has 
primarily been taught through abstract exercises which focus on competent use of the tool 
through imaginary sets of problems such as the "car loan problem".  This is satisfactory for 
learning the use of the tool's functions but does not provide the student with practical 
understanding of the most difficult and critical aspect of workflow development which is the 
human element: understanding the client's needs and absorbing their area knowledge to be able 
to iteratively develop a workflow which meets the client's exact needs.   
 
In the classroom experiment described in this paper students learned about Windows Workflow 
Foundation [7], perhaps the most widely used professional workflow engine, through the direct 
application to the flowcharts developed by the cooperating class of Construction Management 
students.  This experience was often frustrating for the Computer Science students who did not 
understand any of the terminology, jargon and underlying concepts of earthworks excavation.  
The Computer Science students were forced to quickly absorb CAD/BIM software concepts and 
had to lean upon the understanding of the Construction Management students' to comprehend 
and interpret complex safety rules. But, this classroom exercise provided a much richer, more 
realistic learning experience which covered both technical expertise and the human and social 
aspects of Construction Management and Software Engineering. The Construction Management 
group was composed of nine students with very little previous programming experience but 
some BIM Experience. On the other hand the Software Engineering group was composed of 
seven students with extensive programming experience but no BIM experience as shown in 
Figure 3. 
 


     Class Number of 
Students 


Computer 
Programming 
Experience 


Previous BIM 
Experience 


Construction 
Management 9 0-1 years  


1 – 3 years 
Process 
Engineering 7 2–5 years none 


Figure 3: Construction and Computer Student Groups. 
 


Code Compliance Exercise 
 
The Construction Management students initiated the exercise by identifying and reading several 
earthwork codes as they would do in a traditional classroom.  Then they met with various OSHA 
subject experts from the USACE - Research and Development Center – Computer Aided 
Drafting/Building Information Modeling (ERDC CAD-BIM) center and discussed practical 
implementations of the codes. Based on the acquired knowledge (from the code and the 
discussions) the students developed extensive flowcharts for OSHA and USACE codes. The 
flowcharts included required safety information that could be retrieved automatically from BIM 
electronic documents and from construction professionals. (Sample of an OSHA Flowchart 
Segment Prepared by Construction Students is shown in Figure 4). 







 
Figure 4: Sample OSHA Flowchart Segment Prepared by Construction Students. 


 
After the Construction Management Students completed the first phase of the flowcharts, a 
meeting was arranged with the Computer Science students. The two main objectives of the 
meeting were for both groups to 1- Exchange expertise and 2- Identify additional work needed to 
develop an automatic BIM system for earthwork. The automatic BIM system is a program that 
first extracts autonomously from the BIM models various parameters such as footprints, 
topography, utilities, height and other information required as input to meet code requirements 
during the excavation process. After this information is extracted autonomously, the automatic 
BIM system workflow, takes the construction manager through the steps to ensure code 
compliance requesting additional information such as personnel certifications, identification of 
special hazardous situations and other compliance requirements.  Fundamentally, the automatic 
BIM system is a an ‘expert system’ which combines the knowledge of the Construction 
Management students with the programming expertise of the Computer Science students which 
is both a potentially useful tool and a more systematic way of view code compliance. However, it 
was evident in the meeting that both groups of students have a total different view of the 
automatic BIM System. The Construction Students saw the system as a series of pieces of 
information and decisions in the code that they can obtain in a dynamic way either from a person 
or an electronic file. On the other hand, computer students saw the system as a series of 
sequential decisions for which information needed to be entered in advanced by a person or 
extracted from a file. 
 
After the meeting both groups of students continue working in parallel. The Construction 
Management students focused on improving the flowchart and Computer Science students 
developed a prototype rules engine based on the flowchart that was developed by the 
construction students. Upon completing the flowcharts, the construction students gave them to 
the computer science students to complete the prototype. This prototype was then presented to 







the construction students and the experts from ERDC CAD-BIM from the first meeting to 
provide additional comments and suggestions to improve the application. 
 
BIM Code Compliance through Workflow Implementation 
The Computer Science students initiated the exercise by learning Business Process Management 
Notation (BPMN) [8] a flow chart format which encodes regular activities as modular units as 
shown in Figure 5 using as their subject area the code compliance.   


 
Figure 5: Student Exercise in Business Process Management Notation 


 
Once BPMN flowchart notation was mastered, then students began to work with a workflow 
engine - Windows Workflow Foundation which allows the programmer to develop workflow 
software by dragging and dropping workflow elements such as decisions and processes onto a 
design palette as shown in Figure 6.   


 
Figure 6 : Flowchart drag and drop interface in Microsoft Windows Workflow Foundation 







The code generated by the Windows Workflow Foundation produces an application which 
supports the desired workflow designed by the Construction Management students for code 
compliance. For example, Figure 7 shows a window requesting depth information and soil type 
found on the site that will be used to determine several characteristics of the excavation such as 
slope to comply with OSHA regulation. 


 


 
Figure 7. Interface Automatically Generated from Workflow 


 
The Computer Science students were able to complete large sections of code compliance 
workflow because there is a natural one-to-one correspondence between flow charts of 
compliance rules and implementation of the rules in Windows Workflow Foundation as shown 
in figure 8. 
 


 
Figure 8:  Correspondence between Code Compliance flowcharts developed by Construction 


management students (on the left) and Windows Workflow Foundation Implementations 
developed by Software Engineering students (on the right). 


 
Students were able to complete six full section of the OSHA handbook on excavation, one 
section of USACE guidelines and one set of local guidelines with both detailed flowcharts from 
the Construction Management students and working workflow implementations from the 
Computer Science students.  This class room experiment required the Construction Students to 
consider code compliance in a far more systematic and complete form closer to the level of detail 
necessary for real life compliance.  The Computer Science students reached their learning 
objectives to become competent with workflow programming and development with a total more 
than 10,000 lines of high quality coding and an experience much closer to the real world 







experience of working with clients in diverse fields and developing applications to meet specific 
requirements. 
 
 
Summary 
 
The construction management students gained a valuable experience by (1) learning the 
earthwork rules in a highly systematic way, (2) considering code compliance data that could be 
derived from or input into a BIM model and (3) interacting with the Computer Science students 
who had a fundamentally different way of approaching the exact specification of rules and 
workflow.  Computer Science students gained a valuable experience by (1) working on a real 
world application of process workflow, (2) learning about Building Information Model (BIM) 
software and considering the properties that could be automatically calculated from BIM data 
and (3) participating in elicitation exercises with the Construction Management students who had 
real world knowledge to make complex OSHA and USACE codes understandable.  This paper 
discusses the learning objectives, exercises, results and lessons learned from this unique 
classroom experiment. 
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Abstract 
As Building Information Modeling, BIM, has been developed in research and academic 
centers, the construction industry has also acknowledged its value and become interested in 
implementing it. Literature shows that BIM’s learning curve is one of the top barriers of 
implementation in construction education, though, followed by a lack of knowledge of BIM 
concepts for construction. While the knowledge-base of BIM is well developed and a variety 
of supporting software tools) are available, it is the responsibility of educators to prepare 
undergraduate students with BIM knowledge, reducing barriers to adoption and preparing 
them to join industry. The Myers Lawson School of Construction (MLSOC) at Virginia Tech 
incorporates BIM in a number of courses.  One course titled the “Integrated Leadership 
Studio”, integrates four curriculum-level offerings: sophomore-level Construction Principles 
Lab, junior-level Building Systems Technology Lab, senior-level Construction Practice Lab, 
and graduate-level Integrated Construction Leadership Studio. The course objective is to 
simulate the pre-construction process of assembling a bid document, from receiving the plans 
to submitting the final bid, across multiple levels of construction education and in team-based 
exercises.  We used student feedback as the source for evaluating their perception on BIM 
learning and developed two online survey instruments to study student viewpoints. Findings 
suggest certain areas that pose challenges and opportunities for students’ learning of BIM.   
Keywords 
BIM, Pedagogy, Construction Program, Curriculum Design 


 
1. INTRODUCTION 
The advent of Building Information Modeling (BIM) in the construction industry has created 
new opportunity for AEC (Architectural, Engineering, and Construction) professionals to 
enhance their processes. AEC professionals admit that the basic concept of BIM is sound and 
is the direction in which the AEC industry needs to move (Jeong Han Woo 2007). Almost 
fifty percent of the AEC industry is using BIM and twenty percent of non-users are planning 
to implement it within two years (McGrawHill 2009). BIM deliverables on all major projects 
by the large owners (e.g. GSA, USACE) encourages AEC to accelerate BIM implementation. 
There are two recent researches on evaluation of BIM, one on architectural firms and one on 
the construction jobsites. Becerick-Gerber and Rice (2010) conducted a research on perceived 
benefits of BIM by US AECO firms at the project level. The research studies primarily US 
architectural firms, which showed up to 25% cost and schedule reduction. The other research 
was a study of the construction industry and the impact of BIM on it by Surmann and Issa 
(2009). They used six key performance indicators (KPIs) to measure jobsite performance. 
The result showed that BIM can contribute to jobsite performance in terms of quality control 
(rework), on-time completion, cost, safety (lost man-hours), dollars/unit (square feet) 
performed, and units (square feet) per man hour. 







Other research examines the needs of AEC with the curricula of academic programs. Taiebat 
and Ku (2010) evaluated construction companies’ expectations of graduates of construction 
programs and redesigned the curriculum of the Building Construction program at Virginia 
Tech in regard to BIM. 
The shift towards an integrated design approach demands all stakeholders to rethink the way 
they work and structure design agreements (AIA 2007). Considering such changes of the 
construction business environment, it is important to benchmark the current state of BIM 
effectiveness for academic stakeholders and to further focus on the needs of individual 
disciplines to successfully participate in this industry transformation (Taiebat and Ku 2010). 
2. BACKGROUND 
In addition to research centers and R&D departments of the construction companies, 
academia could play an effective role in directing this industry toward an effective path for 
implementing BIM (Taiebat and Ku 2010). There are few recent researches on BIM oriented 
curriculum developing in the academic construction programs. Johnson and Gunderson 
(2009) surveyed 126 ASC administrators of member schools. The study considers their 
course materials relative to BIM, lean construction, jobsite field management, sustainability, 
and specialty contracting. The survey results did not return an acceptable level of BIM 
adoption or standardized adoption approaches by many of the construction programs. 
Another study by Becerik-Gerber et al. (forthcoming) returned the same results regarding 
BIM in 101 U.S. AEC educational programs. The study showed challenges in each discipline 
in incorporating BIM, sustainability, and other emerging knowledge areas. Both studies 
provided a high level view of BIM curriculum structures but did not address the BIM 
knowledge and skill competence required of students. The research performed by Taylor et 
al. (2008) studied several discrete courses in which BIM were addressed. The courses cover 
introductory topics to BIM, CAD, and 3D modeling. They believed integration of BIM into 
academic construction programs should not be like a silver bullet shot into an already packed 
curriculum, but rather diffuse the topic to all the related courses in it. Taiebat and Ku (2010) 
conducted a survey of 50 construction companies, followed by a focus group interview of 
four construction companies that were earlier adopters of BIM. The main findings of their 
research revealed the attention of the industry on employing those who have a deep 
conceptual knowledge of BIM rather than hiring those only skilled on using BIM software. 
Employers mentioned the learning curve as the first barrier for implementing BIM. Lack of 
understanding of what BIM is, what it can do, and what its capabilities are, were the other 
important factors which prevent construction companies to further pursue the implementation 
of BIM. Sacks and Barak (2009) point out that despite the positive impacts of BIM, lack of 
adequately trained personnel in BIM is a significant constraint hindering the use and adoption 
of the technology in industry. 
Addressing the lack of studies that examine the perspectives of students, this research studies 
the students’ perspectives of BIM learning in an integrated course (“Integraged Leadership 
Studio”)in the MLSoC at Virginia Tech. 
3. RESEARCH METHODOLOGY 
The goal of this research is to examine students’ perceptions of BIM learning in the 
integrated studio course. The course brought together students of four different levels and 
accommodates around 160 students. To validate the students’ answers the authors cross 
checked their profiles. This would give the answer to the question of “who said what” in the 
survey. To understand the students’ concerns and challenges of learning and applying BIM in 
the integrated studio environment, the authors  used an online survey instrument to reach 
every single student. This allowed to collect data in regard to individual’s profile, courses 







taken, software skills/awareness, and roles and responsibilities in the lab, of the large student 
sample.  
This survey needed two types of information: 
1. Personal backgrounds, and roles of the students in the lab 
2. The students’ experience of the lab 
For the second part, the questions were designed to learn more about two aspects: 
a. What happened in the course  
b. What the students wish in the future for the course 
When it comes to evaluating the lab, group opinion has two advantages over individual 
opinion, especially when the course was about teamwork. 1. It avoids separation/segregation 
of the ideas, and makes the results more trustworthy, and 2. Before expressing their opinion, 
the students dialogue ideas in a small group, and this way they modify their expectations and 
awareness of the lab. This will end up in less biased and more trustful view of the lab. 
The authors decided to conduct two separate surveys; one individual survey which asked the 
students about their real world construction experience, BIM/VDC/ICT software packages 
usage, and courses taken in construction. The last essay question asked about their personal 
thoughts of the course. This question was opened ended to allow them express their thoughts. 
The second survey, which was conducted the week after the individual survey, was supposed 
to be filled by each group. In this survey (Appendix 2) they were asked about their roles in 
the lab, and how they used BIM/VDC/ICT software to fulfill their roles in the lab. It asked 
what other tools they would like to use, and what were the difficulties for using the current 
tools. At the end, they were asked to freely talk about challenges and future improvements for 
the course. Since the students of the course worked in teams, the authors asked each team to 
sit together, discuss the questions, and answer the questions as a team. 
4. COURSE STRUCTURE 
The Integrated Leadership Studio (ILS) brings together architecture, engineering and building 
construction sophomores, juniors, seniors and graduate students (about 160 students) to 
conduct pre-construction management processes for a real project.  Students within each 
grade level form teams of five members, which are then paired into larger teams of one 
sophomore team, one junior team and one senior/graduate team each.  Sophomore teams act 
as structural sub-contractors, junior teams act as mechanical sub-contractors, and 
senior/graduate teams act as general contractors.  All sub-teams are required to appoint a 
project manager, coordinate with other level teams at various stages of work, and work with 
the same teams throughout the semester.  Upper level students lead and mentor lower level 
teams,  to deliver a competitive, formal bid.  
ILS students collaborate to create the components of a pre-construction plan based on the 
plans and specifications for an actual building being put out to bid, with a formal bid 
document for the construction project representing the major deliverable at the end of the 
semester. Students are graded based on the extent to which they have addressed and 
integrated numerous pre-construction objectives into the final proposal, such as work 
breakdown structure (WBS), costing, procurement planning, scheduling and critical path 
method (CPM), and safety hazard mitigation planning, among others. In addition, teams react 
to client-driven changes in the project and re-propose their pre-construction solution for these 
various objectives. 
The ILS course integrates “technical” aspects and “leadership” in a studio learning 
environment, the major theme of its teaching methodology.  The course also aims to address 
employer interest in students’ soft skills while simulating self-directed or team-based 







research and learning, similar to the professional environment.  As a result, students are 
subjected to few lectures and primarily interact through team-based work projects throughout 
the semester.  The students are expected to already be familiar with the knowledge needed for 
performing the tasks.  Sub-teams also learn from each other at the inter-team level. 
The ILS course puts a teaching philosophy into practice: it draws on past academic and 
private sector experience to promote better learning through personal growth and classroom 
interaction. 
5. STUDENT GROUP PROFILES AND BIM/TOOLS TOOLS 
The previous section explained the course structure and learning objectives. To evaluate the 
application of BIM/ICT in the ILS course, this section explains how the students understood 
their roles and responsibilities and which BIM/ICT software they used. Question 1 of the 
group survey offered eight options to survey takers and asked them about their roles and 
responsibilities in the lab. Figure 1 shows the role/responsibility distribution perceived by the 
students. 


 
Figure 1 – Roles and responsibilities of the teams.  







Both S(Sophomore) and J(Junior) teams who worked as subcontractors selected the same 
answers. They selected option 1, 2, 3, and 5 as their main roles which were: 
 Quantity take-off of your assigned work package (e.g. structure, MEP, etc.) 
 Pricing of your assigned work package 
 Scheduling of your assigned work package 
 Construction planning of assigned package (e.g., structure, MEP, etc.) 
The M(senior and graduate) teams who acted as general contractors and mentors defined their 
roles mostly as options 4, 6, 7, and 8 which were: 
 Construction planning of overall building 
 Creating and managing master schedule of entire project 
 Coordination amongst all subcontractors 
 Coordination with selected contractor that had conflicts with our team 
The overlapping roles with S and J teams that few of teams mentioned can be interpreted as 
their mentoring of S and J teams but not their primary responsibility.  
Question 3 asked them about the software they used for fulfilling their responsibilities. Figure 
3 Excel spreadsheet and MS Project were the pimary tools used across all teams. 


 
Figure 2 – BIM/ICT software usage.  
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Responses of S and J teams were similar but slightly different at the M teams level. This 
attributes to the different roles and responsibilities of each team. Sophomores and Juniors 
mostly worked with Microsoft Excel, MS Project, and OnScreen Takeoff. They used these 
software packages for quantity take offs, pricing, and scheduling. Although Microsoft Excel 
and MS Project were mostly used, M teams also used Revit and Primavera. Just two M teams 
used Navisworks for trade coordination. The other software they used and their applications 
(subject of question 4 of group survey) will come in the next section. 
6. STUDENTS’ FEEDBACK ABOUT BIM/ICT USE IN THE ILS COURSE 
In order to understand the use of BIM/ICT in the course, question 4 was asked as an open 
ended question. It asked if the groups used ICT/BIM software in an innovative way. The 
answers to this essay-type question showed that the students prefered to use  flexible and easy 
to use the software. Google Sketch-Up is the software that most of the students preferred and 
used for various purposes. The other software packages they used for the course were 
GoogleDocuments, GoogleSites, and MicrosoftGroove, which were mostly used by M 
groups. Studying their responses by team levels, the authors found M teams happier using 
ICT/BIM software, J teams preferred to use tools like Sketch-Up, while S teams were hesitant 
to use any applications since they were mostly first time users. But they became comfortable 
as they worked on the software through the ILS course.  
Question 7 offered them six options to select from regarding the difficulty of reaching their 
goals through using BIM tools. The answer from M and S teams were similar. Both groups 
pointed out “BIM skill level”, “Not required by assignments”, and “Time constraints” as the 
main difficulties. M teams mostly emphasized “BIM skill level” while J teams saw “Time 
constraints” not as important as “BIM skill level” and “Not required by assignments”. When 
question 8 asked them to assert more barriers M and S teams presented similarly the need for 
more training. 
Question 13 of the individual survey offered more insights into difficulties of BIM/ICT 
software use and illustrated some common patterns. The frequency of these answers is 
presented in Table 1. The most common issue was about the “need for training of the 
software” expressed in different languages. 


Table 1 – Difficulty of applying BIM/ICT to assignments 


 S teams J teams M teams 
Need for software training  13 (50%) 16 (60%) 28 (70%) 
Why BIM? 2 1 1 
Previous Training was less 
effective 7 (20%) 3 (10%) 11 (25%) 


Time constraint  4 2 2 
Total responses 25 26 41 


The second most often mentioned issue was about the effectiveness of other courses that 
taught BIM software. While it is difficult to draw conclusions about the students’ level of 
competency in BIM skills from the survey, the results show that it is worth to better 
understand students’ expectations about their BIM skills and their required skills in the ILS 
course to align both. In addition, there were some discrete comments and suggestions for the 
BIM use in the course. Lower level students expressed their frustrations while M teams 
offered constructive feedback. Students who did not like using BIM were mainly sophomore 
students who had not learned yet what BIM is and why it is useful. Other sophomore students 
were concerned about learning too many applications but not in depth enough. Some 
individuals were enthusiastic about learning more applications and others requested for 







selective introduction of ICT/BIM software that are used by practitioners. An example of 
such software was Primavera which is being used in the industry but not available in the 
department.  
Many students felt good to be skillful in software and thought it would strengthen their 
resume while a study by Taiebat and Ku (2010) found that construction companies do not 
necessarily look for proficiency of specific BIM skills when hiring BIM competent graduates.  
Students offered various suggestions for improving their training of BIM software in the 
school. Table 2 summarizes them in two groups. 


Table 2 – BIM software course suggestions from students 


Training Strategies 


Workshop  
Lecture/Seminar 
Showcasing  
Elective courses 


Training Structure 


A class dedicated to just scheduling, estimating, with use of the relevant software  
Universal use of software between the professors 
A holistic walk through of a BIM process in construction 
Offer basic training andreinforce throughassignments 
Teach software early at the freshman / sophomore level 
Set up a classes on why and how to use BIM effectively 
More collaborative use of software  


While their training strategy suggestions were about course formats, their training structure 
suggestions were about the content. Students are looking for a rationale of using BIM and a 
class in which they learn how useful BIM is and why. The demands from sophomores were 
mostly around “teach us software”, but seniors’ demands switched towards “give us basic 
trainings and give us more assignments to practice.” The other type of suggestions addressed 
the concern of training everybody rather than a group. A raised concern was that in the ILS, 
each member in the team was assigned a separate task. As a result, one member of the group 
becomes an expert in take offs, another in modeling, the other in safety, and so on. The one 
who worked on takeoffs, ended up not handling modeling and vice versa. Another suggestion 
was toteach one or some aspect(s) of preconstruction planning and  focus within the same 
class on a relevant software before the entering the ILS course. It was also suggested torun 
the course more collaboratively in a teamwork style rather than a groupwork style that 
separated individual team member roles. 
7. WISH-LIST OF INTEGRATED STUDIO FROM THE STUDENTS’ 
PERSPECTIVES 
Questions 5 and 9 of the group survey and question 12 of the individual survey were designed 
to let the students freely express their wishes for the ILS course. 
Question 5 of the group survey offered them six options and asked level of knowledge. The 
option “N/A” was provided if they were not interested in answering a specific aspect of BIM. 
Table 3 illustrates the results. 
 
 
 
 







Table 3 – what students are wishing to use for the future of the ILS course 
 Sophomore  Junior  Senior 


 Please explain if there were any specific 
BIM/software knowledge or skills that you think 
were required for your year level tasks 
(sophomore vs. junior vs. senior) comparing you 
to other year groups.  


have skill 
/know


ledge 


like to have 
skill/know


ledge 


N
/A


 


“agreed” 
percentage 


 have skill 
/know


ledge 


like to have 
skill/know


ledge 


N
/A


 


“agreed” 
percentage 


 have skill 
/know


ledge 


like to have 
skill/know


ledge 


N
/A


 


“agreed” 
percentage 


defining adequate level of detail of model 5 4 2 82%  4 6 1 91%  8 2 0 100% 
validating the accuracy of the model 2 7 2 82%  3 7 0 100%  7 3 0 100% 
defining model submission and approval 
procedures 1 7 4 67%  0 8 2 80%  9 1 0 100% 


incorporating temporary structures and equipment 
into model for construction planning purposes 3 6 3 75%  1 8 1 90%  10 0 0 100% 


modeling architectural and structural components 6 4 2 83%  2 6 2 80%  9 0 1 90% 
modeling MEP components 0 6 6 50%  1 8 1 90%  3 6 1 90% 


Table 3 shows in the column “agreed” percentage the total percentage of responses that either 
answered no skill/knowledge or like to have skill/knowledge is mostly over 80%. This 
illustrates that the students from sophomore through senior level are enthusiastic about 
learning and implementing BIM/ICT software. Table 3 shows that no S or J team had 
advanced skill in any aspect, while this number for seniors is not zero. This can be interpreted 
as the effect of the building construction curriculum specially integrated course on them, 
because they did not have a strong background on BIM/ICT software (subject of questions 5 
& 7 of the individual survey), and they were not happy with the previous IT training as well 
(subject of question 13 of the individual survey). The authors found that sophomores and 
juniors consider themselves skillful mostly in “defining adequate level of detail of model” 
while the seniors had such confidence in all mentioned aspects of the question except “MEP 
modeling”. 
Although some of the students did not practice BIM/ICT tools in that semester, they used 
other communication applications to model, illustrate, and communicate the data and 
information in order to facilitate the construction planning for the project.  
One of the M teams expressed a strong reason (from their point of view) for the necessity of 
teaching BIM software in the school. They said that since S & J teams’ knowledge of BIM is 
not consistent, the models they develop are not compatible with each other in terms of 
accuracy, level of detail, and positioning. This makes their coordination through clash 
detection and 4D simulation difficult for M teams. This indicates that students need to learn 
how to set up the modeling protocol before startingthe modeling.  
Question 9 of the group survey clearly asked them if they have any suggestion for 
improvement in using BIM/ICT software in the ILS course. Sophomores and juniors mostly 
restated the same request for the need for teaching BIM software and dedicating a class or a 
portion of a class to it. The suggestions from S & J teams were mostly around this point 
explained in different words. When it came to seniors, the language was changed and the 
demand went towards requesting for mandating the use of BIM/ICT in the ILS course, and 
increasing the practices and assignments on it. Overall feedback from all levels of students 
about BIM/ICT applications in the ILS course context indicated  a strong interest from the 
students in BIM and also the desire to learn more effectively relevant tools that can support 
their required tasks. For example, a sophomore student said “we did not use BIM, but I’m 
sure in the next couple of years, many others will use it.” 







8. CONCLUSION 
This research studied the student perceptions of BIM/ICT use and needs within the context  
the ILS course which accommodates different levels of students in an integrated team 
environment. The survey revealed some specific areas for developing and refining the BIM 
curriculum in the MLSoC. 
A main concern raised by the students were the need for more training in specific software 
while the current curriculum focuses more on introducing the general principles and concepts 
of using BIM for construction. Suggestions were made by senior students to set up 
workshops, walkthrough sessions, showcases, and lectures that can give them a starting point 
for using software and reinforce their learning with relevant assignments for practice. Since 
the individual members of teams split the tasks, the walkthrough sessions should be followed 
by small individual assignments in order to allow all team members to practice the 
application of specific software tools. 
Since most of the students said that they want to be skillful in using software hoping that it 
would strengthen their resume, it should be explained to them how industry looks for certain 
competencies in BIM that require rather sound conceptual understanding than specific 
software skills (Taiebat and Ku 2010). Introduction to the needs and benefits of BIM will 
address some of the students’concerns of how useful BIM is and how they can benefit from 
using BIM. In other words, it is important to teach the students the necessity, functionality, 
and utility of BIM before applying it to specific tasks on projects. 
Another concern of the students was about which software to learn as students are expecting 
to learn tools that are most often used by industry practitioners Further industry research can 
address this concern. 
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Abstract 
BIM has the potential to facilitate smart design, innovation, and collaboration, all of which 
are traits that we look for when seeking out new members to join our team. With the fast pace 
of changing technologies, the challenge is not to find individuals who know how to use the 
latest BIM product, but to find those who have a clear understanding of the fundamentals and 
are able to adapt. Recognizing that it is the methodologies, not necessarily the software that 
is important, how do we as an industry teach principles instead of commands? 
Through integrated design and partnerships with universities, we aim to foster an approach 
that looks to technology as way to aid and enrich our problem solving explorations.  We will 
illustrate several examples of projects in which architects and engineers within our firm have 
taken the lead in developing innovative design through new technologies, with emphasis 
placed on the processes and methodologies developed. In addition we will also look at several 
collaborations we have had with Academia including the University of Pennsylvania, Stevens 
Institute of Technology, and Rensselaer Polytechnic Institute.  We will analyze both of these 
areas to identify several core educational principles.   
Keywords 
BIM, Education, Collaboration 


 
1. INTRODUCTION 
The question of how to integrate BIM into Academia has recently become a focus for many 
universities.  New graduates have the opportunity to enter the profession with skills that are 
not commonplace in many firms.  In this regard, this gives Academia the opportunity to help 
shape the future of BIM.  New working methods and design methodologies are in the process 
of taking shape which should be studied and scrutinized.  On the industry side, being able to 
hire individuals who can take the lead in helping firms grow and adapt to these new tech-
nologies is an important part of the evolution.  These individuals not only need to possess the 
technical skills, but also must be able to examine the fundamentals behind them.   
BIM is a framework for organizing the data needed to design, coordinate, and build.  This 
framework has the potential to facilitate new methods of working, analyzing, and designing. 
The research oriented nature of academia allows for the development of these new methods.  
Pairing this research with practical application in industry allows both a test bed for academia 
and innovative opportunity for firms.   Below we present three case studies in which BIM has 
been incorporated into the process.  In each of these case studies we have also partnered with 
Academia for specific portions of the projects.  From these case studies we will identify sev-
eral core skills that are important for graduates entering the field. 
 
 
 







2. LOTTE WORLD II 
 


2.1 Background 
Lotte World II tower in Seoul, South Korea 
was designed as a 555 meter tall mixed use 
tower including retail, office, hotel, and ob-
servation deck.  The geometry transforms 
from a square at the base to a circle at the 
crown through the use a structural diagrid, 
creating a system of triangular facets at 
varying angles.  
The transforming geometry proved a chal-
lenge in the design and development of the 
tower.  Many factors had to be considered 
such as aesthetics, area, program, structure, 
environment, life safety, and constructabil-
ity among others.  The geometry had to be 
tuned so that each of these design consid-
erations could be met.  Several methodolo-
gies were developed by the team to meet 
these challenges.  The overall geometry of 
the tower was managed through parametric 
scripts developed in LISP for AutoCad, 
which allowed for the automation of design 
options.  Other platforms were employed to 
analyze these options including fabrication 
and constructability analysis in Digital Pro-
ject, environmental analysis in Ecotect, and 
Panelization analysis in Excel.   


A performative feedback loop was estab-
lished through an interactive workflow in 
which the geometry schemes could quickly 
be analyzed, and the results used to inform 
the design. 
 


 
Figure 1: Lotte World II, SOM 


 


2.2 Academic Partnership 
One challenge faced during the design development of the tower involved the entrance se-
quence of occupants during the morning rush.  To investigate this, the team partnered with 
the Building Simulation Group at the University of Pennsylvania, which among other things, 
simulates and studies pedestrian movement through spaces.  The largest influx of occupants 
were those travelling to the office floors, whom arrived by both subway and by car.  The en-
trance sequence consisted of several revolving doors, ID turnstiles, escalators, as well as local 
and express elevators.  Each of these played a role in determining at what speed occupants 
could be moved and also presented potential points of congestion.  Using STEPS simulation 
software the researchers developed algorithms that simulated a cross section of the popula-
tion, took into account the different speeds of individuals, and adjusted their speeds based on 
crowd density. 
The Architecture team met several times with the researchers to share the design intent, and 
to provide feedback on the research.  The end product of this collaboration was an academic 
paper which detailed their research and findings, as well as the theories and methods used to 
produce the simulations.  Through their research, the Architecture team was able to determine 
how design decisions would impact the efficiency of the entrance sequence, and if the 
throughput of each element in the sequence was sufficient. 







Although a software such as STEPS may not be considered a typical BIM application, it is 
actually a Building Information Model that incorporates both the intelligence of the proposed 
equipment and the building occupants.  Using this building data, analysis and simulations can 
be performed that directly impact the performance and design of the building.  
 


 
Figure 2: Entrance simulations, Building Simulation Group  


 
3. 250 EAST 57TH  
 
3.1 Background 
250 East 57th street is a 335,000 sf, mixed-
used development located in Midtown 
Manhattan.  The project consists of a resi-
dential tower, two new public schools, and 
retail space.  It is being developed in two 
phases, the first including the schools, and 
the second phase including the residential 
tower.  The first phase is currently under 
development, and has implemented Revit as 
the BIM platform. When the project kicked-
off only a few of the team members had 
backgrounds in BIM, and project standards 
had yet to be implemented.  This required 
that the team work collaboratively to organ-
ize the model, divide work, and establish 
protocols. The team held weekly BIM meet-
ing in which they would establish the stan-
dards necessary to move forward.  The 
model was used for documentation as well 
as a tool to manage the area, zoning, and 
code issues through the use of scheduling.  
Several of the consultants also adopted BIM 
for the project, which facilitated in identify-
ing and resolving conflicts among disci-
plines. 


 
 


 
Figure 3: 250 East 57th Street, SOM







3.2 Academic Partnership 
During schematic design for the phase two tower, the design team was interested in studying 
the metrics that could influence and drive the form of a residential tower.  To investigate, an 
academic partnership was developed with the Product Architecture and Engineering (PAE) 
Lab at Stevens Institute of Technology for two semesters.  The Architecture team and stu-
dents met at the beginning of the process and discussed several criteria that could influence 
the design of the tower.  Quality of view is a strong driver of property values in Manhattan, 
and it was collectively decided that PAE would investigate the relationship between view and 
form.  The Architecture team and students met on a weekly basis at the office to review the 
progress of the research, provide feedback, and discuss the next steps.   
The first semester research focused on developing methods to analyze quality of view for the 
design options being considered.  Using a digital model of New York City the students de-
veloped an analysis tool that would measure the distance value from each apartment to the 
closest obstruction, as well as if the apartment had a view of the East River or Central Park.  
These values could then be combined to give each apartment and the overall tower a score for 
view.  The system was developed through parametric scripts in Rhino that automated the 
analysis and recorded the scores for each design option in a database.  During the second se-
mester the research team focused on how these analysis models and databases could influ-
ence the design of the tower.  A series of geometric rules and parameters were developed 
through close collaboration with the design team.  Using these parameters the students devel-
oped parametric models using Rhino scripting and Excel to optimize the geometry of the 
tower.  The final product of the partnership was a new tool and methodology for analyzing 
the relationship between form and value.  
 


 
Figure 4: View Quality Analysis, PAE 


          
Figure 5: Geometry Optimization of Floor Plate, PAE 







4. PSAC II 
 
4.1 Background 
The Public Safety Answering Centre (PSAC II) in the City of New York is a 550,000 sf cen-
ter that will augment and provide redundancy to the City’s current emergency 911 response 
services for use by the Fire and Police departments. The center needed to be designed to op-
erate 24/7 without interruption under extremely adverse conditions.  Interdisciplinary design 
and close collaboration between all parties involved was critical to this goal. 
The client, the New York Department of Design and Construction, the Architecture team, and 
all consultants were co-located in a dedicated office space to facilitate coordination.  The Ar-
chitectural, Structural, and MEP teams have developed the project through use of integrated 
discipline-specific Revit models.  These models, owned by their respective disciplines, are 
linked together and elements are monitored for changes.  By virtue of the workflow, changes 
made by a team are automatically reflected and in many cases alerted, supporting smooth co-
ordination.  
 


Figure 6: PSAC II, SOM 


 
4.2 Academic Partnership 
The centrepiece of the lobby for PSAC II will be an Active Phytoremediation Wall System 
developed by the Center for Architecture, Science, and Ecology (CASE).  A research and de-
velopment collaboration between Rensselear Polytechnic Institute and Skidmore Owings and 
Merrill, CASE engages scientists, engineers, and architects from the professional and aca-
demic worlds toward a common goal of redefining how to build sustainable cities and envi-
ronments.  The center is co-located on the Rennselear campus and at SOM, where students 
studying toward a Master or PhD in Built Ecologies, have a dedicated studio space.   
The Phytoremediation system developed works with the building’s HVAC system to im-
prove air quality and reduce energy loads.  Hydroponic plants in bio- and phyto-filtrations 
pods are installed on a modular screen which acts as a plenum.  The vacuum formed pods are 
designed to maximize the air flow to the roots of the plants, while minimizing the amount of 
material needed.  During the ongoing research and development of the system, the CASE re-
search team employed several environmental computational technologies as well as rigorous 
prototype testing.   







CASE's collaborative involvement in the project started in schematic design and continues 
through the development of construction documents.  A researcher is co-located with the pro-
ject team and works side by side in coordinating the system with the architects, MEP, and 
structural consultants.  They are also responsible for developing a wall-specific building in-
formation model that is fully integrated into the BIM.  The result of this partnership is the 
simultaneous development of an innovative product and an integrated building system.   


                              
Figure 7: Building-Integrated Active Modular Phytoremediation System, CASE 


 
5. CORE PRINCIPLES 
 
5.1 Collaborate 
In the case studies above collaboration was always a key component and priority.  It occurred 
on several different levels including within the team, with consultants, and with Academia.  
Collaboration between members on the Architectural teams was critical.  In BIM projects, re-
sponsibilities cannot be as clearly and artificially segregated as with conventional 2D meth-
ods.  In a unified environment each move that a team member makes has an immediate effect 
on the work of others.  Projects which developed clear working methods and organizational 
strategies were the most successful.  Understanding how to collaborate within a team struc-
ture, and how to collectively design are valuable skills that were reinforced continually. 
Projects that included close collaboration with consultants were able to develop creative solu-
tions for the building structure and systems.  Early collaboration yielded integrated buildings 
in which contributions from the whole team defined the overall design.  Interdisciplinary de-
sign and shared ownership throughout the process fostered innovative solutions that other-
wise would not have developed. 







Collaboration with academia allowed for the research of new technologies and methods 
while simultaneously developing them for practical real world applications.  From the indus-
try side the partnerships offered the opportunity to examine the design methods already in 
place, and explore how these new methodologies can impact the design process.  On the aca-
demic side it provided a test bed for the students to further their research and to gain knowl-
edge from those experienced in the field.   
 
5.2 Adapt 
Each project presented the teams with a different set of constraints and design opportunities.  
One tool was often insufficient to explore the design and analyze a project, and the teams 
shifted between different platforms and methodologies.  Understanding the fundamentals, be-
ing able to critically examine the parameters and constraints of each project, and adapting 
new methodologies proved to be key principles in the continued development of building in-
formation modelling.  
BIM also presents the opportunity to develop new methods of working and collaboration, 
both within the team structure and with consultants.  Integrated design is accomplished 
through input from all disciplines, and this model requires that conventional team structures 
be examined and adapted.  
 
5.3 Innovate 
BIM provides a platform in which building geometry and data can be stored and accessed.  
The potential is in how this information is harnessed to inform design and where the design 
information resides.   
The case studies above presented several uses for this data including fabrication, pedestrian 
movement, code, value metrics, and environmental analysis - a small selection of the possi-
bilities.  The research-oriented nature of Academia provides a platform in which the bounda-
ries of BIM and analysis can be pushed, and innovative new tools and methodologies devel-
oped.  We should continue to examine how these new methods can accelerate innovation and 
integrated design.  
The industry is at a critical point in determining new working methodologies for integrated 
design.  Academia has the unique opportunity to critically examine these methods and help 
shape the future of this process of working 
 
6. CONCLUSION 
A solid basis of fundamentals is needed to harness the potential BIM.  Many of these are not 
new and include good design, knowledge in construction, environmental, structural, and life 
safety issues among others.  Pairing this knowledge with the skills of data management, criti-
cal thinking, group work, and interdisciplinary teams elevates design to the next level.   
BIM is more than a building information model, it is also a platform on which new methods 
of working, analyzing, and designing can be developed.  Understanding these principles is 
the most valuable skill a new graduate can bring to industry. 
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Abstract 
The coordination of mechanical, electrical, and plumbing (MEP) systems has always been a 
major challenge for the specialty contractors who fabricate and install these systems.  The 
coordination of these systems involves locating equipment and routing Heating, Ventilating, 
and Air-Conditioning (HVAC) duct, pipe, and electrical raceway in a manner that satisfies 
many different types of constraints.  For the past several years MEP coordination has in-
volved sequentially comparing and overlaying drawings from multiple trades, in which repre-
sentatives from each MEP trade work together to detect and eliminate spatial and functional 
interferences between the numerous systems.  This multi-discipline effort is time-consuming 
and expensive.  With the recent development of Building Information Modeling (BIM), which 
is able to provide a virtual construction solution where the design (3-D), schedule (4-D), cost 
(5-D), and life-cycle analysis (6-D) can be interlinked, the process has been able to evolve 
with the software technology.  However, students and practitioners alike still face similar 
problems as they have in the past.  Entry of incorrect data or faulty assumptions into the BIM 
system results in project personnel being misled by the output from the system.  While most 
BIM technology software solutions have the ability to contain information and data regarding 
a project, they do not contain knowledge-based logic and reasoning structures to assist users 
during the planning and design and therefore lack the capability to assist in the resolution of 
conflicts.  This paper demonstrates how the use of BIM technology has enabled new teaching 
methods to teach students how to perform MEP coordination process using a work process 
utilizing modeling software and information technology.     
Keywords 
Mechanical, Electrical, Plumbing, Coordination, Building Information Modeling. 


 
1. INTRODUCTION 
MEP systems are the active systems of a building that temper the building environment, dis-
tribute electric energy, allow communication, enable critical manufacturing process, provide 
water and dispose of waste.  MEP systems have increased in scope on many types of projects, 
due to the increased requirements by building users.  With the need for increased functional-
ity of these systems, projects now include much more than the traditional MEP systems.  The 
active systems of a building can cost up to 60 percent of the total building cost and their 
scope now includes additional systems such as fire detection/protection, controls, process 
piping, and telephone/datacom (Tao 2001).  Although many of these systems seem similar in 
nature, different specialty contractors often install them.  MEP coordination has been defined 
as the arrangement of the building system components that must fit within the constraints of 
the building architecture and structure (Korman 2006). 







MEP coordination is a critical activity for the efficient construction and acceptable system 
operation.  As mentioned above, building systems must fit within the constraints of the enve-
lope defined by the architectural and structural systems; however, they must also meet per-
formance expectations for comfort and safety.  The MEP coordination process involves de-
fining the locations for components of building systems, in what are often congested spaces, 
to avoid interferences and to comply with diverse design and operations criteria.  The level of 
difficulty associated with this process directly relates to the complexity and number of build-
ing systems designed for a facility.  Ideally, the result of a coordination effort is the most 
economical arrangement that meets critical design criteria and performance specifications.  
Many construction industry professionals have cited MEP coordination as one of the most 
challenging tasks encountered in the delivery process for construction projects.   
2. USE OF BIM TECHNOLOGY FOR MEP COORDINATION 
In the past, there has been a wide variation in the level of technology used to perform MEP 
coordination.  At the low-tech end of the spectrum, specialty contractors draft plan-views on 
translucent media and overlay them with other system to defect interferences and may pre-
pare section-views when necessary.  At the other extreme, progressive contractors have used 
three-dimensional (3-D) computer-aided-design (CAD) software to virtually model their sys-
tems.  With the recent development of BIM technology software, the process has gravitated 
toward the use of BIM technology.  BIM has now become the standard practice for large-
scale projects.  Using BIM technology software as a tool, specialty contractors are able to 
provide a better-coordinated set of plans.  BIM has been defined as the process of creating an 
intelligent and computable 3-D data set and sharing the data among the various types of pro-
fessionals within the design and construction team.  BIM technology enables the designer, 
engineer, and builder to visualize the entire scope of a building project in 3-D and as well as 
associate schedule and cost data to assemblies and individual components in the model.  
Therefore, it is ideal for being able to assist and improve the collaboration among project par-
ticipants.  Designers and builders can plan-out, in precise detail, the location and clearances 
needed for a complete and successful project.  Being the BIM is becoming a industry wide 
standard, it was the authors’ idea to utilize BIM technology software to enhance student-
learning experience as it relates to MEP coordination.   
3. MEP COORDINATION LABORATORY EXERCISE 
MEP coordination is the arrangement of various building system components, which are 
critical to the building functioning properly (Tatum 2000).  The MEP coordination process 
involves defining the exact location for each building system component throughout the 
building to comply with diverse design and operations criteria.  Specialty contractors must 
arrange components in congested areas to avoid interferences with the architecture, structure, 
or other building system components.  The process is a multi-disciplinary effort, which re-
quires input from many people.  Iterative in nature, the process requires many revisions and 
the process involves input from all specialty contractors who will be fabricating and installing 
a system in the facility.  This may include: HVAC, process piping, plumbing, electrical, fire 
protection, controls, etc.  The authors developed a laboratory exercise for use in their spe-
cialty contracting construction management course to introduce students to the scope and im-
pact of MEP systems for buildings and require students to virtually model an HVAC, plumb-
ing, fire protection, power, lighting, and fire detection, and then perform a virtual coordina-
tion for the facility. 
3.1 Learning Objectives 
The MEP coordination laboratory exercise was designed to expose students to the detailed 
knowledge of the active building systems that form a key part of facilities.  The approach 
taken was to analyze the need, scope, design, and construction of these systems as well as 







address the design-construction integration issues for each system.  Therefore, the MEP coor-
dination laboratory exercise was developed and presented with the following learning objec-
tives: 
 Define the need and purpose for active MEP building systems 
 Describe how building systems work, how they are designed, how they fit with architec-


tural and structural systems, and what they include 
 Enhance collaboration and communication between participants in a project 
 Describe how building systems are built, how long it takes, how much it costs 
 Recognize shared knowledge of building systems for design-construction integration 
 Analyze a system design, estimate materials and components used, and create installation 


work packages for building systems 
3.2 Teaching Methodology 
The MEP coordination laboratory exercise was introduced in the Specialty Contracting Con-
struction Management course at California Polytechnic State University.  In a typical course 
section offering, student count ranges from 20 to 24 students.  Therefore the teaching meth-
odology employed student-centered instruction creating student work groups of 3 to 4, each 
representing a different MEP specialty contractor.  The methodology selected to teach the 
MEP coordination process utilizing BIM technology software.  This began with the student 
work groups being provided with project documents (electronically) in 2-D format (dwg, pdf, 
etc.) and a project description from which the model was required to be built from.  The stu-
dent work groups were then required to produce a model of their system using the BIM tech-
nology software.  Using a software integration tool, the student teams were required to merge 
the individual models into a common BIM model.  A clash detection software application 
was then activated to identify physical interferences.  Within the software integration tool, the 
BIM model can then be modified to resolve interferences.  The process was repeated until all 
clashes and interferences were resolved.  In practice, the specialty contractors would then use 
the coordinated model for fabrication and installation of their systems. 
The suggested methodology presented to the student work groups to follow began with the 
HVAC sheet metal to be compared against the structure, sanitary drainage, process piping, 
water distraction, and electrical.  The HVAC sheet metal is used as a base because it has the 
largest components, primarily composed of large ductwork and variable-air-volume (VAV) 
boxes.  It is often the hardest to relocate because the large duct sizes restrict the routing to a 
few locations where adequate space is available. 
The sanitary drainage system is recommended to be compared next.  This includes all hori-
zontal graded waste lines, vertical soil stacks, and vent lines.  The requirement to slope all 
graded lines and waste lines to allow for gravity flow gives the plumbing system the next 
highest level of priority after the HVAC dry system.  The gravity drain lines typically slope 
1/8 inch for every foot.  This requirement forces the drain lines to compete with the large 
HVAC dry ducts at the higher elevations because they must start as high as possible to main-
tain the grade without falling below the ceiling tiles.  Engineers route HVAC dry ducts at 
higher elevations because of their large volume. 
The HVAC process piping is next, which includes heating and cooling water lines.  These 
piping lines feed directly into the HVAC sheet metal to heat and cool air at various interface 
points.  The HVAC sheet metal and HVAC process piping systems work together and must 
be tightly coordinated.  Routing of the HVAC wet system is based on the HVAC dry system 
routing and location. 







Where manufacturing process piping is included in a building structure, it would be coordi-
nated following the HVAC process piping system.  Most manufacturing process piping sys-
tems are pressure-driven and thus can yield to larger building system components and grav-
ity-driven system lines that are more difficult to re-route due to the risk of affecting their 
functionality.  In cases where a special routing is required for process piping to function at its 
optimal performance level, engineers assign priority to the manufacturing process-piping sys-
tem. 
Where fire protection piping system is included in the building structure, it would be coordi-
nated following the manufacturing process piping system.  This is a pressure-driven system; 
however, the fire protection main lines must be slightly graded to allow scheduled draining as 
required by operations and maintenance.  This complicates the coordination of the main lines.  
Specialty contractors are advised to compare drawings individually with HVAC sheet metal, 
HVAC process piping, and sanitary drainage systems. 
Water distribution piping is recommended to be compared next.  This includes potable hot 
and cold water distribution plumbing lines.  Water distribution systems are pressure-driven 
systems and therefore are easier to re-route around larger components. 
Consideration of the electrical system follows the water distribution system.  Engineers con-
sider the electrical system to be one of the more flexible systems because the components are 
generally smaller and installers can easily route electrical conduit in the field.  The control 
systems and telephone/datacom systems should be coordinated last if a CAD file is produced 
for them.  The control system is the most flexible because of its smaller diameter tubing and 
conductors.  Components in the control system run along-side other systems, such as HVAC 
dry and process piping.  Representatives from each of the student work groups then hold a 
series of meetings to coordinate their drawings by defining the final routing for each system. 
Common constraints for the student work groups to consider in routing MEP systems are cor-
ridors, openings in shear walls, and architectural requirements, such as ceiling type and inter-
stitial space.  We observed that each student group, representing a different trade, initially 
routed their system to their own advantage.  This includes decreasing overall length, routing 
close to support points, choosing prime locations for major components, and locating system 
runs to facilitate the construction needs of their own trade.  
During weekly coordination meetings, the student work groups compared preliminary routing 
for their systems to identify and resolve conflicts.  They also decide which trade(s) will revise 
their design and submit requests for information (RFI) regarding problems that require an en-
gineering resolution.  As the instructors of the course, we served as the “engineers” for the 
systems and the responsibility for answering the RFI’s as means to ensure that the system 
were coordinated in manner that they still would met performance specifications.  
Deliverables of the project include the following: the building information model, coordi-
nated utility relocation plan, constructability/discrepancy report, and survey/layout points.  
The student groups are required to submit the deliverables in native format, as well as a Nav-
isworksTM file, 3D DWG, or IFC for Model, and PDF for all other documents.  The student 
work groups are also required to present their results at the end of the project as well as dem-
onstrate the model, the processes, and how it is incorporated into the deliverables.   
3.3 Outcomes Assessment 
Compared to students being taught via the traditional lecture mode, the cooperative environ-
ment provides a forum in which a deeper understanding of the material can take place and 
motivation can be placed on learning and achieving a common goal (Boswell 1991).  The use 
of BIM technology software encompasses many of the seven principles of good practice for 
education by encouraging contact between students and faculty, developing reciprocity and 







cooperation among students, encouraging active learning, giving prompt feedback, and re-
specting diverse talents and ways of learning. 
It allows an enhanced level of student-faculty contact by allowing the students and faculty to 
work together in a fashion other than the traditional lecturer-listener relationship that is most 
commonly found.  It encourages students to work with their peers and the faculty member to 
achieve the above listed learning outcomes.  It also encourages active learning by experimen-
tation and gives students prompt feedback by allowing students to identify interferences 
throughout the coordination laboratory exercise. 
It also allows students to learn in a multitude of ways by allowing students of all learning 
styles to develop from the laboratory experience.  From our observations kinesthetic learners 
benefited from the data entry, visual learners benefited from being able to observe the clash 
detections, and auditory learners benefited from working in student groups by either giving or 
receiving instructions and negotiating coordination changes. 
4. CONCLUSIONS AND RECOMMENDATIONS 
There are many challenges in teaching MEP coordination to students using the current work 
process; however, BIM technology software provides a new method of instruction.  Integrat-
ing the course content of MEP systems for construction management students is one ap-
proach to help change students’ and future constructors’ thinking to look at MEP systems as a 
whole, rather than as independent systems, which helps to enhance and reinforce learning by 
arranging content around overlapping concepts and themes.  The increased use of the BIM 
technology software in the classroom is able to reinforce connection points between the mul-
tiple systems.  
The student work groups using BIM technology emulated the MEP coordination process 
where representatives from each specialty construction trade work together to detect, and 
eliminate, spatial and functional interferences between MEP systems.  To accomplish the 
laboratory goals, the students were forced to consider design, construction, and operations 
and maintenance criteria in order to achieve proper functioning systems. 
As described above, effective MEP coordination requires recalling and integrating knowledge 
regarding design, construction, operations, and maintenance of each MEP system.  Missing 
from BIM models is that knowledge regarding each system.  A revised work process utilizing 
BIM still requires individuals to meet and share knowledge regarding their system.  Cur-
rently, BIM can only assist in resolving physical conflicts; however, coordination must sat-
isfy critical design criteria, evaluate constructability issues, and address operations and main-
tenance concerns.  During coordination, trades must consider all aspects from design, con-
struction, and operations and maintenance.  Currently, it is difficult to integrate construction 
knowledge, and operations and maintenance into the MEP coordination process.  Often the 
parties involved do not take the opportunity to align goals and define requirements.  In addi-
tion, constructability issues are not considered part of the MEP design consultants’ scope of 
work, and designers must make assumptions about constructability or ignore the issue totally.  
Furthermore, there is a lack of understanding between the different MEP trades.  Each disci-
pline focuses on its own design and construction requirements.  Failing to consider the big 
picture, many MEP contractors are unaware of unique installation requirements for other 
trades and are reluctant to learn more about or consider each other’s systems.  Implementing 
a revised work process that uses information technology that is able to integrate a number of 
knowledge bases – design criteria, construction, operations, and maintenance – into a BIM 
system could provide valuable insight to engineers and construction personnel assisting them 
in resolving coordination problems for multiple MEP systems. 
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Abstract 
There is a need within the undergraduate construction management curriculum for 
students to have a solid understanding of the “means and methods” of construction 
projects. Building Information Modeling (BIM) allows construcion teams to visualize the 
overall construction process. Furthermore, the 4D modeling aspects of BIM, which im-
plements the element of time, presents a valuable opportunity to better teach construction 
scheduling to undergraduate students. This case study created a 4D modeling (schedule 
simulation) assignment in an undergraduate construction management scheduling course. 
This assignment was used to assess the students knowledge of “means and methods” of a 
construction project. The results from this case study demonstrated that this schedule 
simulation assignment was an effective assessment tool. Additionally, this case study pro-
vided a resource for implementing a 4D modeling in future construction scheduling 
courses.   
Keywords 
Construction management, 4D modeling, schedule simulations, education. 


 
 
1. INTRODUCTION 
Construction scheduling is a fundamental skill in construction management. Students in under-
graduate construction management programs often struggle, not with the general concepts of 
scheduling, but with the application of these concepts to actual construction projects. Construc-
tion scheduling is often taught in a traditional classroom setting where students are not typically 
provided the opportunity to see and learn the actual procedures and processes involved in com-
pleting a construction project. This case study explored the use of BIM to teach and assess stu-
dents’ knowledge of the “means and methods” of a simple construction project. 


2. BIM AND CONSTRUCTION SCHEDULING 
The American Council for Construction Education lists construction scheduling as one of the key 
educational objectives for undergraduate construction management programs (ACCE 2009). Ad-
ditionally, accurate knowledge of construction “means and methods” is a key skill required to 
plan, develop, and manage a project schedule (AACEI 2006). However, students often struggle 







with the concepts for scheduling a construction project because of a lack of knowledge of the 
process of construction (Jenkins 2000). The result is that students focus on properly sequencing 
construction activities rather than the key concepts of scheduling.  


2.1 Teaching “Means and Methods” 
The terminology “means and methods” is generally used to describe the contractor’s responsibil-
ity for executing the project. Typical construction contracts state that the “Contractor shall be 
solely responsible for, and have control over, construction means, methods, techniques, se-
quences and procedures and for coordinating all portions of the Work” unless stated otherwise in 
the contract documents (America Institute of Architects 2007). Thus, construction managers are 
expected to know these “means and methods” not only for scheduling purposes, but also because 
they actually manage these procedures and processes in the field. 
However, learning and understanding the “means and methods” to complete a specific construc-
tion activity often takes field experience. This lack of field experience by most undergraduate 
students complicates the scheduling process. Additionally, most students are asked to create a 
construction schedule based upon a set of construction drawings. Previous experiments have 
shown that “the traditional use of 2D drawings to create a CPM limits the students’ ability to un-
derstand the construction process” (Messner 2003). Therefore, there are two specific questions 
that need to be addressed for undergraduate students to adequately learn the specific “means and 
methods” to schedule a construction project:  
1. How can construction management educators overcome the lack of field experience so that 


students can better learn the construction process? 
2. How can construction management educators use actual construction project documents 


without using traditional 2D drawings so that students can better understand the construction 
process? 


The increased use of Building Information Modeling (BIM) in the construction industry and in 
construction management education provides interesting opportunities to accomplish both of 
these goals simultaneously. 


2.2  BIM in the Construction Industry 
BIM is growing fastest among construction managers and contractors. The most recent McGraw-
Hill Smart Market Report found that “71% of contractors report positive results with the use of 
BIM”. Additionally, the report states “contractors see many of the most obvious and dramatic 
benefits of BIM.” Finally, the report showed that contractors are adopting and using BIM faster 
than any other group in the industry, increasing to 50% in 2009 from 13% in 2007 (Young et al. 
2009). Because of this growth contractors are looking more and more for undergraduate con-
struction management programs to produce graduates with the knowledge and skills to use BIM 
on projects. 
A study of the construction industry’s expectation of construction management graduates’ BIM 
skills found that using BIM for “constructability” and “visualization” were in the most demand. 
This study also found that about half of the respondent firms currently used BIM for 4D model-
ing (Mojtaba 2010). The term 4D modeling refers to the addition of the time element to the 3D 
model established in BIM. Typically a 4D model creates a schedule simulation that can be used 
by the project team. The 4D modeling aspects of BIM allow project teams to visualize construc-
tion plans, identify construction sequences, and improve communication within the team (Koo 







2000). These benefits of 4D modeling greatly increase the construction manager’s ability to plan 
and schedule a construction project. 


2.3 BIM in Construction Management Education 
This increase in demand for students with BIM knowledge and skills has led to the implementa-
tion of BIM within various aspects of undergraduate construction management curriculum. Some 
programs opted to offer full courses in BIM. Other programs implement BIM as a portion of ex-
isting courses. One instructor used BIM in a course to teach productivity. Ultimately, the instruc-
tor noted that use of BIM in teaching productivity analysis found that “BIM was most beneficial 
for visualizing the overall project and seeing the construction sequences.” (Gier 2006) 
Perhaps the best recommendation by one of the educational adopters is summarized by their 
statement that they “do not advocate a silver bullet course to add to an already packed curricu-
lum, but rather promote the use of BIM as a means of better integrating a construction curricu-
lum” (Taylor 2008). This approach of integrating BIM into the existing curriculum seems like an 
approach that is well suited for construction management programs since it matches the way that 
most construction professionals are using BIM on projects. 
Despite the increasing demand in the industry, inclusion into undergraduate construction man-
agement curriculum has been slow. A recent study of 45 institutions affiliated with the Associ-
ated Schools of Construction found that “BIM is currently being addressed in only about 10% of 
undergraduate programs”. The study noted the following barriers for inclusion in courses: (a) no 
room for new courses in existing curriculum (82%); (b) Faculty time and resources required to 
develop new courses (86.7%); and (c) Lack of textbooks and other educational resources for stu-
dents (53.3%) (Sabongi 2009). This final factor is the most significant hurdle for adding BIM 
topics into existing courses. 


2.4 BIM as a Tool to Teach Construction Scheduling 
Many experiments have been conducted on using 4D modeling and schedule simulations in 
higher education. One such experiment found that “4D model when combined with a schedule 
offers a clear picture of construction processes and its duration.” Interestingly, the researcher also 
states that the interest of gaming animation by today’s younger generation would “develop a lot 
of interest … and will motivate them to try to better understand and retain important concepts of 
construction” by using schedule simulations in class. Ultimately, these simulations also “lead to a 
better understanding of the construction processes and to help identify any problems or issues 
that might occur during the actual construction.” (Haque 2007) 
Despite the many experiments demonstrating the positive uses of BIM, there remain few re-
sources for implementing BIM into undergraduate construction scheduling education in a manner 
that is easily repeated on a wide scale basis. Most experiments used high-end virtual reality sys-
tems that are not available to most educational institutions (Messner 2003). Additionally, the lack 
of interoperability of BIM software systems remains a key barrier for adoption across the industry 
and within education settings (Young et al. 2009). 


3. CASE STUDY 
The basis of this case study was to create an assignment that allowed students to use BIM to 
demonstrate their knowledge of the “means and methods” of a simple construction project. In 
previous courses, this exercise was a team assignment that utilized an existing scheduling simu-
lation. However, this new assignment would have individual student actually create the schedul-







ing simulation to demonstrate their knowledge of the overall construction process of the project. 
The addition of construction management courses in an intersession provided a unique opportu-
nity to add this BIM 4D scheduling assignment and test it on a smaller group of students. 
There were five main goals of this case study: 
1. Develop a process for selecting a project that provided adequate complexity to teach various 


“means and methods”, but simple enough that a minimal number of construction activities 
would be used in the schedule. 


2. Implement this project throughout the course curriculum so that students would have a good 
knowledge of the construction project prior to the final assignment. 


3. Identify the BIM software that was best suited for creating 4D simulations in undergraduate 
construction management education. 


4. Create a “schedule simulation” assignment that would require students to understand the 
overall construction process of the project. 


5. Create a “schedule simulation” assignment that was easily repeated for future classes. 


3.1 Pedagogical Model 
A problem based learning model was used throughout this course. The students were tasked with 
creating various levels of schedules for a “real” construction project. The same construction pro-
ject was used throughout the term in order to allow the students to gain an understanding of the 
project in greater detail. Additionally, because of the “real” nature of the project, students were 
challenged to discover creative ways to solve the problems that actually existed in the project. 


3.2 Alignment of Course 
The course was aligned such that each assignment would build upon the previous assignment. 
The students first created a “milestone schedule” for the project. Students then created multiple 
CPM schedules for various phases and ultimately for the overall project. Each new assignment 
added more complexity and detail. This process also provided a method to focus on various 
“means and methods” specific to the project. 
The assigned project was the construction of the core and shell of a two-story medical office 
building. The building was a steel and precast concrete structure with numerous exterior architec-
tural features. Most notable was a glazed curtain wall system on the entire south side of the 
building, which added some complexity for sequencing the overall project. 


3.3 Framework of Assignment 
The basis of the assignment was to create a 4D model or schedule simulation by utilizing the 
construction schedule established in the previous exercises. The student would then be able to 
visualize the construction schedule as they had developed it. The use of schedule simulation to 
identify potential schedule errors has been demonstrated as a highly effective learning tool in 
previous experiments (Messner 2003). Also, the schedule simulation had the potential to make 
“the learning activity more interactive by allowing students to review and critique different solu-
tions” (Wang 2007).  
In the previous assignment, the students were provided 30 construction activities for the project. 
The students were tasked with creating a CPM schedule for these activities based upon the 2D 
drawings and specifications provided. The CPM was assessed based upon the calculations of the 
CPM schedule and if any significant logical errors were made. However, several minor logical 







errors were not identified during this assessment so that the students would have the opportunity 
to “catch” these errors in the schedule simulation assignment. 
The software selected for this assignment was the 2010 version of Autodesk Navisworks. This 
software was selected for two reasons. First, the software provided a platform to easily import a 
Microsoft Project schedule and link it to a model. Second, the software was available for students 
to download for free. The software was also provided in the university student computer lab for 
activities in and out of the classroom setting. 
An Autodesk Navisworks 2010 model of the project was provided to the students. The model 
was a modified version of the actual project model in order to simplify the assignment. The stu-
dents were then walked through an exercise that demonstrated how to import a schedule (Micro-
soft Project), link the schedule to the model, run a schedule simulation, and export the simulation 
to a movie file (.avi). Upon completion of this exercise in class, students were tasked with link-
ing their schedule from the previous assignment to the model of the project. The students were 
told that the schedule simulation would be assessed based upon the following factors: 
 Creation and submission of the schedule simulation movie (.avi) 
 All construction activities were “linked” to elements within the model 
 Identification of any changes that were or would be made in the sequence 
Students were not required to make changes to their schedule simulation, but were asked to iden-
tify any errors and logic and provide a solution for the errors. 


3.4 Learning Objectives 
The learning objectives for this assignment were: (1) to demonstrate the knowledge of the 
“means and methods” required to build a small project by creating a schedule simulation and (2) 
to demonstrate the ability to use BIM for schedule visualization. 


4. RESULTS FROM ASSESSMENTS 
Several direct and indirect assessment methods were used for this assignment and for this class. 


4.1 Direct Assessments 
The direct assessment for this assignment entailed reviewing the schedule simulation for accu-
racy. There were approximately 50 BIM elements that could be linked to 30 activities in the 
schedule created in an earlier assignment. Each schedule simulation was grade on completeness 
and accuracy. 
An average grade of 86% was achieved for the BIM exercise. Only one student was unable to 
fully complete the assignment and submit the proper file. All other students successfully linked 
the construction activities with the elements in the model. These students were also able to iden-
tify nearly all of their previously missed logical errors in the schedule. The most common logical 
errors that were continually missed in the schedule simulation were: (i) not linking all of the 
slabs to the schedule, (ii) installing curtain walls prior the roof, and (iii) not installing the parapet 
walls prior the roof. 
The informal feedback after the assignment was generally positive. Students enjoyed learning 
BIM and many thought that it was the best class period of the term. Most importantly, many of 
the students were excited to learn more about BIM. Several students stated that they would have 
liked to work with the original project model, which was much more complex than the model 
utilized in the assignment. 







4.2 Indirect Assessments 
A survey was conducted at the completion of the course in order to gage the students’ percep-
tions of the course and of the BIM assignment. Here are the most significant findings: 
 71% Strongly Agreed and 29% Agreed with the statement: “I better understand construction 


‘means and methods’ after taking this course” 
 Only 14% selected the BIM assignment as most beneficial in understanding construction 


“means and methods” (Individual Report was the highest at 43%) 
 57% selected the BIM assignment as most beneficial in being able to visualize the construc-


tion process (Field Trips were next with 14%) 
Here are some comments that were provided in conjunction with this survey: 
 “BIM was the most helpful” 
 “I believed the field trips were beneficial” 
 “The field trips were extremely important when it came to seeing the actual application of the 


schedule and learning how changes affect it.” 


4.3 Lessons Learned and Recommendations 
Several key lessons learned were discovered through this case study. These lessons learned are 
summarized in reference to the five goals established for the case study. 
The first goal was to develop a process for selecting an appropriate project for the course. The 
project selected for this assignment provided a good balance of simplicity (core and shell only) 
and complexity (several exterior architectural features). The most challenging aspect was to keep 
the model as simple as possible without sacrificing realism. Linking the schedule to the model 
can become very tedious when there are several hundred elements in the model. Searching for 
elements can become very time consuming. One lesson learned was to hide any elements that are 
unnecessary for the assignment. Another important lesson learned was to work with the model 
prior to assigning it to the class. 
The second goal was to implement this project throughout the course. This was easily attained by 
structuring the course in such a manner that each assignment built upon the previous assignment.  
Although easy to attain, this took a considerable amount of time to ensure that each assignment 
adequately met the learning objectives of the course. Furthermore, ensuring these assignments 
provided an avenue to learn the “means and methods” necessary to adequately create the sched-
ule simulation provided a unique challenge. In the end, the additional effort of structuring all as-
signment provided students with a firm foundation for creating the schedule simulations. 
The third goal was to select the BIM software best suited for this course. As stated previously, 
the 2010 version of Autodesk Navisworks was selected because of its availability and ease of 
use. One recommendation is to ensure that all available software is reviewed for application 
within a course. There may be other software that better meets the needs of a specific project and 
course. 
The final goals were related to the schedule simulation assignment. There were a couple of les-
sons learned for the assignment. The first was to better align the number of elements in the model 
with the number of activities and use this as a method to assess the students’ knowledge. For in-
stance, the steel column activity should be linked to all 24 steel columns in the model. This 







method could better “quantify” the knowledge of construction sequencing and provide more de-
tailed feedback in the assessment. 
The other lesson learned was to not overestimate the time that it would take to walk through the 
initial exercise. These students were very tech-savvy and easily learned the software. Autodesk 
Navisworks 2010 is surprisingly user friendly for schedule simulations and nearly every student 
was able to link the activities to the elements within 15 minutes. (The initial exercise has been 
planned for approximately 45 minutes.) 


5. CONCLUSIONS 
Overall the inclusion of BIM assignment in the re-structured construction scheduling course was 
successful. All of the goals for the case study were met. Specifically, the goal of creating a 4D 
modeling assignment to assess students “means and methods” knowledge was adequately met. 
Additionally, the student thoroughly enjoyed the assignment and work with BIM. Additionally, 
the schedule simulation was extremely successful in allowing the students to visualize the con-
struction process. The schedule simulation exercise proved to be an effective tool for achieving 
the learning objects established for this assignment. This case study also provided a resource for 
implementing the 4D modeling aspects of BIM in future scheduling courses. The development of 
this assignment provides an example of a way to add BIM into the construction management cur-
riculum in a meaningful and efficient manner. 
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Abstract 
In joint industry-academia collaboration, the authors are developing a prototype educational 
module to teach students of construction management process-based best practices 
implementing Building Information Modeling (BIM) to facilitate Mechanical, Electrical,  
Plumbing and Fire Protection (MEPF) coordination. Based on a prominent construction 
company’s pioneering experience, the prototype teaching module highlights lessons learned 
coordinating complex, real-world projects, and incorporates hands-on, interactive exercises.  
The authors document and discuss the development of the module, which strives to illustrate 
BIM in both theory and practice.  The module includes process diagrams, war-stories, 
dynamic 3D models, and interactive exercises to critically evaluate BIM working processes.  
Using Adobe Captivate along with a variety of BIM tools, the authors incorporate a 
demonstration video to highlight the assembly, mapping and visual inspection of several BIM 
models as developed by a variety of professional project team members.  An interactive 
homework assignment has students investigate hard and soft MEPF clash detetction and 
coordination issues. The assignment forces students to think critically to identify the source, 
eliminate redundancy and propose a solution for various clashes.  Future work will seek to 
extend and evovle the MEPF cordination teaching module and to develop additional domain-
specific teaching modules related to BIM. 


 
Keywords 
BIM, MEPF Coordination, Construction Education, Industry-Academia Collaboration, e-
learning  


 
1. INTRODUCTION 
In today’s construction, Mechanical, Electrical, Plumbing and Fire Protection (MEPF) sys-
tems account for a significant portion of project planning and costs.  This is increasingly true 
on high tech and renovation projects, challenging project types facing contractors today. 
MEPF coordination requires design and installation of intricate routings of ductwork, piping 
and electrical raceways in and around building structure. Traditional MEPF coordination has 
relied on sequential overlay and comparison of 2D drawings to detect and eliminate spatial 
and functional interferences between MEPF systems. Today, however, Building Information 
Modeling (BIM) is gaining popularity among contractors and sub-trades by providing a pow-
erful and reliable platform for analysis and visualization of MEPF systems.  Mounting adop-
tion by industry and research findings suggest that BIM can improve the MEPF coordination 
process in buildings (Korman et al., 2008). 
At Colorado State University, faculty in the Construction Management Department are de-
veloping teaching modules to integrate BIM into core construction management curriculum 







(Clevenger et al, 2010). This curriculum-wide effort leverages industry-academia collabora-
tion to create teaching modules that demonstrate the power and underlying principles of 
BIM-enabled work processes in construction practice. This paper documents the lessons 
learned from the development of an individual teaching module focusing on BIM-enabled 
MEPF coordination.  The primary objective for this teaching module is to facilitate better 
learning and understanding of core concepts of MEPF coordination.  It does not teach the 
precise steps and functionalities required in professional implementation of BIM software.  
To develop this module, the authors are using Adobe Captivate 5 (Adobe, 2010). Adobe Cap-
tivate is an advanced screen capture software capable of creating demonstrations and elec-
tronic learning presentations independently of the featured software. Captivate simulates the 
use of BIM software in an executable electronic learning (e-learning) environment viewable 
using Adobe Flash player. In this e-learning environment, students are able to click buttons 
and enter data to seemingly advance and select BIM functionalities, while not actually operat-
ing native BIM software. The basic content of this teaching module incorporates actual, pro-
fessional building information models and highlights real-world project experience. The 
presentation and communication of this content is directed and edited by professional educa-
tors. The basic interface simulates direct interaction with BIM software for the students. The 
educational goal of the pilot module is to expose students to industry best practices, while 
increasing understanding of and aptitude for evolving construction processes. Industry-
academia collaboration is critical to support this effort in construction management educa-
tion. Industry has expertise in BIM implementation, while it is difficult for academia to main-
tain a high level of familiarity with the state-of-art software. At the same time, academia is 
expert at teaching core educational construction management concepts that industry in its 
daily pursuit of and focus on practical expediency may not be able to identify or effectively 
communicate. 
The MEPF teaching module consists of three parts:  1) an annotated lecture describing indus-
try best practice and distinguishing BIM-enabled coordination processes from traditional; 2) 
an e-learning demonstration where students observe the role and application of BIM in a sim-
ple real-world MEPF coordination project; 3) a homework exercise where students self-
perform an e-learning exercise to replicate the implementation of BIM. The content of the 
teaching module focuses on presenting and reinforcing three core concepts in BIM-enabled 
MEPF coordination: the fundamental effectiveness of 3D visualization and automated clash 
detection, the presence of false clashes, and the role of clearance clashes.  In this paper, the 
authors review and summarize the teaching module content under development as well as 
discuss lessons learned.  We focus on the last two parts of the teaching module: the e-learning 
demonstration and the interactive homework assignment both created in Adobe Captivate. 
Part one, an annotated lecture introducing emerging BIM-enabled MEPF processes including 
real-world industry examples is not discussed because it is more standard, while still helpful 
to students and teachers not entirely familiar with BIM or BIM-enabled construction prac-
tices.   
 


2. USING 3D CLASH DETECTION TO ENHANCE COMMUNICATION 
The large majority of MEPF coordination performed on construction projects today, as in the 
past, relies on the comparison of 2D drawings either using juxtaposed drawings or overlays 
on light tables in what is sometimes called a Sequential Composite Overlay Process (SCOP) 
(Korman, Fischer and Tatum, 2003).  For today’s construction management students raised in 
a world populated with 3D models and animations, this method frequently appears antiquated 
and burdensome.  In the classroom, as in the field, 2D drawings can be the cause of confusion 
and unsatisfactory communication and analysis. Professionals and academics agree that tradi-
tional coordination practice is inefficient and error-prone and is generally in need of process 







improvement. Current research suggests that MEPF coordination using BIM requires less re-
work during installation then when BIM is not used (Khanzode, 2010). 
Figure 1 highlights basic but far-reaching differences between 2D- and 3D-based MEPF co-
ordination processes. In a screen shot of the narrated teaching module demonstration (Figure 
1, left), students are reminded of the cumbersome process required to identifying clashes on a 
case-by-case basis requiring manual calculation of various heights to find potential mis-
alignments.  Next students are shown (Figure 1, right) the more streamlined and reliable 
process of automated clash detection using a 3D composite BIM where visualization capabili-
ties are significantly enhanced and calculations can be automated. 
 


 
Figure 1:  (Left) demonstrates the overlay of plumbing and steel drawings, and shows 
students the manual math required to identify misalignments; (Right) illustrates space 
and alignment issues identified using a composite 3D model.  Students readily observe 
that it is easier to identify that the beam is too deep for the ceiling and that the storm 
line is routed below the ceiling using 3D visualization techniques 
Through hands-on demonstration, the teaching module exhibits how 3D coordination enables 
reviewers to more readily identify conflicts.  Students are quickly impressed that, rather than 
overlaying 2D drawings and performing detailed math to identify potential issues, using a 3D 
viewer, reviewers (students) can orbit, inspect, take measurements, and visually and quantita-
tively analyze an issue within the reviewing software. In the case of this real-world project 
example, it proves significantly easier to identify beam-ceiling misalignment as well as note 
that the storm-line is mistakenly routed below the ceiling using a 3D rather than 2D platform 
to perform review.  The narrative of the teaching module highlights core construction princi-
ples within the BIM process demonstration.  For example, the narrative notes that it is typical 
construction practice to have the storm-line run below the steel.  The inclusion of such do-
main-specific information is a primary distinctions between the teaching modules and tradi-
tional “software tutorials” which teach software functionality but do not necessarily include 
domain specific educational content. 
In addition to educational content related to physical construction, the demonstration video 
serves to highlight lessons pertinent to virtual construction processes. The demonstration 
video illustrates issues of software interoperability and the complex sequence of operations 
involved when virtually coordinating separate building models. In MEPF coordination this is 
particularly relevant since separate models are created by numerous project team members in 
various disciplines and are commonly imported, opened or appended to existing models. Cur-
rently, professional application of BIM faces numerous issues surrounding interoperability 
(Eastman et al., 2008).  Using the Captivate platform to simulate BIM functionalities and by 
stepping the students through several examples of importing and integrating separate models, 
the demonstration video and homework exercises demonstrate the challenges of model inte-







gration while insuring integration and compatibility issues do not halt faculty or student pro-
gress.  Pre-recorded model integration is shown to the students in a step-by-step and interac-
tive sequence giving the impression of implementing the software, while in reality software 
usage is pres-screened and simulated to insure successful execution.  This somewhat opaque 
distinction is important since it greatly reduces the potential for frustrating and software ca-
pability issues which can easily happen and significantly impede novice implementation of 
BIM-enabled MEPF coordination.   
 
3. USING FALSE CLASHES TO TEACH PROCESS 
A second core lesson in the demonstration video is to illuminate a prominent by-product of 
the virtual construction process as it relates to MEPF coordination:  false clashes.  Automated 
clash checkers routinely detect numerous virtual false clashes that are the result of practical 
model simplifications. A false clash, or irrelevant clash, is a clash detected in virtual con-
struction that is irrelevant to the physical construction process and requires no change in ac-
tual design or construction (Gijezen et al., 2010). Such a clash is typically a function of mod-
eling assumptions and techniques. For example, floor penetrations frequently do not include 
the full detail of physical construction: pipes within pipe sleeves within voids in slabs, but are 
typically modeled as two or more co-located solids to save time and unnecessary virtual de-
tail. Such modeling techniques make false clashes commonplace in automated clash check-
ers.  Nevertheless, automated clash checkers are powerful analysis tools and are quickly be-
ginning to play a critical role in leading professional construction management practice.  


 


 


 
Figure 2:  (Left) shows the selection tree from the Clash Detective tool in Navisworks 
Manage.  (Top right) shows a false clash: a waste riser penetrating the floor slab. In re-
ality, the waster riser will penetrate the floor slab. The wall is shown as transparent for 
ease in viewing.  (Bottom right) shows a true clash in which the waste lines are mistak-
enly routed into the slab due to their excessively high placement in the model.  This 
represents a design error and should be corrected.  
In Figure 2, a hard clash test is run for a model to detect clashes between the waste system 
and the floor slabs. This test produces a number of legitimate or relevant clashes which will 







require changes to the design.  Examples include instances where the waste system routing is 
either too high or too low resulting in conflicts with floor slabs as designed.  In addition, the 
hard clash test also produces clashes for all instances where a waste riser correctly penetrates 
the floor slab. These are false or irrelevant clashes. In the demonstration video and homework 
assignment, the examples and models are pre-screened to eliminate many false clashes since 
they can quickly become overly redundant and difficult to manage for the novice user.  How-
ever, several particularly instructive instances of different types of false clashes are inten-
tional left in the model for the purposes of the demonstration and homework to teach students 
basic principles relevant to virtual and physical construction. 
Using the false clash demonstrated in Figure 2, a slab penetration, the demonstration video 
discusses two basic concepts: level of detail in virtual design and construction, and construc-
tion sequencing in physical construction.  Using today’s software, a modeler without signifi-
cant experience, understanding or effort can create a visually convincing representation of 
design. In virtual design and construction, as with any drawing or representation of design, it 
is critical to understand the level of detail being modeled.  With building systems related to 
MEPF, the level of detail is particularly nuanced (GSA, 2009).  Professional BIM modelers 
frequently have their own proprietary standards outlining level of detail at different stages of 
building delivery.  An important lesson presented to the students in the teaching module is 
that design evolves in specificity and that representations of design whether in 2D or 3D must 
correspond to the appropriate design phase. Without this correspondence, models may mis-
represent more than they represent.   
The teaching module also uses false clashes to provide teaching examples that highlight the 
importance of construction sequencing.  While nothing may be as memorable as the first time 
a construction worker is required to “retrofit” an overlooked penetration into brand new con-
struction in real-time, such first-hand lessons-learned are expensive and time consuming in 
the field.  Educators and employers far prefer such lessons be taught in the classroom and 
avoided in the field.  False clashes in BIM models which reveal and highlight legitimate floor 
penetrations, serve as a less agonizing reminder of the importance of proper construction se-
quencing. Students are asked to determine whether clashes are relevant or irrelevant in the 
homework assignment, forcing to think critically about basic construction materials and 
methods, and teaching them about expected construction sequencing. 
 


4. USING CLEARANCE CLASHES TO DEMONSTRATE ACCESS ISSUES 
The teaching module provides another opportunity to enhance student critical thinking in its 
presentation, application, and analysis of clearance clashes. Clearance clashes, or soft clashes, 
embody instances where insufficient space exists to properly support access, insulation or 
safety etc. (Eastman et al., 2008).  A powerful advance over the process of overlaying 2D 
drawings that may or may not call out clearance requirements, using BIM it is possible to as-
sign clearances to objects and to analyze penetration of these clearances. Visualizations of 
these clearances can be turned on and off to help students understand the spatial issues in-
volved.  In the teaching module, the issue of maintenance access for specific mechanical 
equipment are discussed.  Figure 3 shows an example where access clearance for a piece of 
Heating, Ventilation, and Air-Conditioning (HVAC) equipment is modeled and planned, re-
sulting in construction with proper accommodations for maintenance. 
 







  
Figure 3:  (Left) highlights the access area (transparent orange box) modeled in a com-
posite MEPF model to ensure proper access is provided to the VAV coils.  (Right) is a 
photograph showing the impact on physical construction where a large duct above the 
VAV is offset upward to allow for said access. 
 
The teaching module discusses another example of clearance clashes:  modeling pipe insula-
tion.  The module demonstrates that clearance clashes can be tested in the model to reveal 
instances where insufficient space exists to accommodate future pipe insulation.  Students 
trying to determine the cause of a “clearance clash”  involving such soft clearances will need 
to establish that the insulation has yet to be modeled, and will require space around the pipes 
in the future. Such exercises highlight material requirements, as well as reinforce concepts 
involving the level of detail modeled, construction sequencing, and system performance for 
construction management students in the classroom before they are exposed to them in the 
field. 
 


5. CONCLUSION 
MEPF coordination is a complex process in today’s construction practice.  Through industry-
academia collaboration, the authors are developing a teaching module to simulate and explore 
the process of BIM-enabled coordination.  The module leverages capabilities inherent to 
BIM, such as 3D visualization, and hard and clearance clash detection to teach and highlight 
basic virtual and physical design and construction concepts to construction management stu-
dents in an interactive e-learning environment.  The concepts included are intended to pro-
mote understanding of spatial relationships, sequencing, access requirements, level of detail, 
and materiality. The e-learning environment provides an affordable and adaptable laboratory 
compared to the more costly alternative of field experience. This educational experience can 
be particularly beneficial preparing students for complex, real-world MEPF coordination pro-
jects. By having industry participate directly in the development of the MEPF teaching mod-
ule, the developers of the educational material attempt to ensure that the content and exam-
ples are pertinent and significant to industry practice while the presentation and explanations 
are well communicated, encourage critical thinking by the students, and focus on teaching 
core concepts rather than software implementation techniques.   
On-going research will further develop the teaching module and pilot its application in vari-
ous construction management educational settings.  Future research will document and ana-
lyze the impact of using the teaching module to teach MEPF coordination to construction 
management students, as well as further analyze the impact of using BIM as an educational 
tool in construction management education in general. 
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Abstract 
 


The most common use of building information modeling / management (BIM) in the current 
construction industry practices is in the mechanical, electrical, and plumbing (MEP) systems 
of a building. These systems make up as much as 50% of the project value and represent the 
major challenges when it comes to project coordination, overhead coordination, and clash 
resolutions. Construction managers (CM) face various challenges throughout the stages of 
the project. At the preconstruction stage, the CM major challenge is the visualization of the 
MEP components in order to schedule workflow and develop accurate quantity take-off. At 
the construction phase, the CM major task is jobsite coordination and quality control. During 
the post-construction stage, CM is responsible for commissioning, maintenance, and 
warranty work related to the MEP systems. In this paper, the authors present their experience 
and challenges in integrating BIM in a mechanical and electrical construction management 
course. The students approached BIM from both the modeling and management perspectives. 
The 3D BIM model helped the students visualize the MEP systems and their components as 
they relate and fit into the building, as well as the relationship to the other building systems. 
On another level, the students took a CM approach to collect the information needed to carry 
on the work throughout the various phases of the project. Findings from this exercise proved 
very helpful to engrave the student’s learning and understanding of the MEP systems, 
therefore serving as a great methodology to complete the objectives of this class. In addition, 
the students developed a plan to manage and share MEP information from a life cycle point 
of view. 
 
 
Keywords: BIM, MEP, Construction management, Construction visualization, MEP 
coordination 
 


Dr. Daphene Koch, PhD, Assistant Professor, Purdue University, Building Construction 
Management, 401 N Grant Street, West Lafayette, IN 47907. 
Dr. Hazar Dib, PhD, Assistant Professor, Purdue University, Computer Graphics Technology 
and Building Construction Management, 401 N Grant Street, West Lafayette, IN 47907. 
 







 
 
 
 


Introduction 
 
At one Midwestern University an undergraduate program in Building Construction Management 
(BCM) has begun to integrate Building Information Modeling / Management (BIM) across the 
curriculum. The first step in the successful implementation of this was to hire BIM faculty 
member. This was completed in 2009 with a dual hire in BCM and Computer Graphics. Since 
the implementation of BIM originates with the implementation of computer graphics software, it 
was a logical collaboration. Multiple courses are utilized across two departments to expose 
students to a variety of levels demonstrating the use of BIM. This paper will outline one course 
and assignment which has initiated BIM into Mechanical, Electrical and Plumbing (MEP) 
curriculum. 
 


History 
 
In the 1990’s one construction management curriculum chose to add an areas of specialization 
related to Mechanical and Electrical construction. The core courses in this program were to 
produce students who were job ready to enter the construction industry and work for general 
contractors in commercial construction. Since approximately 50% of commercial buildings are 
made up of MEP systems, it seemed appropriate that some students would be needed to 
specialize in that area. Collaboration with industry developed additional class in MEP estimating, 
MEP design build, and MEP construction management as requirements to concentrate in the 
MEP area. 
 
Early architects probably drew sketches it he dirt, but now all drawings are electronic and have 
the ability to update all drawings with one change. Initial Computer Automated Drafting, often 
reference to as CADD or AutoCAD allow trained computer operators to provide electronic 
drawings to represent the designs of architects and professional engineers. The most current 
development in construction design is the ability to apply not only a three-dimensional 
representation of a building, but also attaching a database to the structure that would allow the 
tracking of schedule and cost (Koo & Fischer 2000; Chau, Anson, & Zhang, 2004). BIM has the 
ability to detect clashes during the design process allowing better decision making to occur rather 
than costly rework during construction (Tanyer & Aoudad 2005). The National Institute for 
Building Science has produced the United States Building Information Modeling Standard. They 
define BIM as a collaborative process which will provide a transformation of the construction 
industry through the optimization of the design and construction process (National Institute, 
2007).  
 


Course 
 
Over the next 3 years, all students in this curriculum will be introduced to BIM. As entry level 
students are taught the computer graphics applications, junior and senior level students are 
introduced to ways to apply BIM to problem solving in the total project. The course chosen to 







begin this collaboration is an upper level course titled “Mechanical and Electrical Construction 
Management.” This 3 credit course meets 4 hours per week, 2 hours of lecture and 2 hours of lab. 
The class is made up of approximately 30 students, most with at least 400 hours of work 
experience. Some with over 800 hours of work experience under the employment of mechanical 
or electrical contractors. The course is offered as an elective one per year in the spring semester. 
Most students taking this course are getting a MEP concentration as part of their degree program.  
 


Assignment 
 
The assignment was given as a group project. A lecture was given to the students with an 
example of how a MEP component can be integrated into a BIM model. The lecture explained 
how the students can connect equipment over the Preconstruction, Construction, and Post 
construction phase by storing information in the model. Table 1 is an example of the lecture 
information which was provided to the students. 
 
Table 1 
Matrix for Boiler in MEP model 


 
 
During the lecture, the students were assigned to groups by the instructor. The groups were made 
up of a cross experience with each group including students with a high level of MEP experience 
partnered with students will less experience. The teaching style used is to general natural peer 
teaching as the students’ research an equipment example. The objectives for the assignment 
include: 
 


1. Identify a construction component of your choice in the MEP area 







Preconstruction 


Construction 


Maintenance 


2. Analyze what kind of information is needed to successfully complete the construction 
of this component (information pertinent to code, site supervision, site coordination, 
long lead item, description, delivery logistics, etc.) 


3. Categorize this information by pre-construction phase, construction phase, and post-
construction (maintenance and de-commissioning).   


4. Develop a schematic approach demonstrating how to link and manage this 
information from a life cycle approach point of view. 


 
Assignment Deliverables 


 
Utilizing Learning Systems Blackboard Course Management software, an assignment drop box 
was set up for the students to post their work. They were given one week, including a 2 hour lab 
period, to research and develop the assignment. The deliverables which were required included: 
 


1. A presentation including visual aids (Power Point or other presenting aid), that will be a 
minimum of 5 minutes and a maximum of 10 minutes. 


2. All group members must be a part of the presentation 
3. It should include a graphical representation of the component 
4. All information from listed in the objectives should be included 
5. The visual should show the schematic approach. How would you track this information 


and document using BIM? 
 
Samples of the student schematic layouts are shown in Figures 1 and 2.  Figure 1 is very basic 
approach to visually showing that a manufactures 3 D model of equipment can be used to 
connect the database of information for each phase of a project. Figure 2, demonstrates a broader 
understanding of the capacity of information that BIM can manage during the life cycle of MEP 
equipment. 
 
Figure 1: Schematic layout and visual of Boiler 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







 
 
 
 
 
Figure 2: Schematic model of dry type transformer 
 
  


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Conclusions 
 
The presentations of the students’ MEP BIM assignment demonstrated that the students could 
connect data (information) to MEP equipment. This generation of student has been exposed to 
new technology every year. They are very accepting of technology and value the power of 
computer graphics. Since this is the first year of integration, the students did not have the 
software knowledge to produce the BIM module. Over the next 3 years, this assignment will 
grow from not only theorizing about the data, but a project will be developed to expose the 
students to the collection of data and manipulate a BIM model. The challenges of implementing 
BIM into a curriculum is the level at which students should be proficient in the manipulation of 
the BIM model. What is the expertise of the MEP project managers of the future? How much 
time should be spent in this curriculum on software training versus model manipulation? These 
are all questions and concerns which will be answered as trial and error of assignments and the 
input from industry towards the implementation of BIM. 
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INTEGRATION OF CONSTRUCTION SAFETY IN DESIGN AND 


CONSTRUCTION EDUCATION THROUGH THE USE OF BIM 
 


1. INTRODUCTION 


The U.S. construction industry has historically incurred the most worker fatalities of any industry in the 


private sector. While many reasons for this statistic may be postulated, it is partly because designers do 


not have exposure to design for construction safety knowledge, which results in many hazards being 


designed into in the project models/drawings. Gambatese (2003), through a survey of 36 U.S. civil 


engineering departments, found that none offered a course entirely devoted to construction safety. To 


improve the current situation, one potential solution would be to provide architecture and other design 


students with formal training on the federal Occupational Safety and Health Administration (OSHA) 


standards. For example, it would be helpful if designers were required to take a 10-hour OSHA class.  


The second potential solution would be to provide designers with software tools which could provide 


safety suggestions that could be incorporated during the design review process. The researchers in this  


study adopted the second solution and integrated the designing for worker safety software tool with 


Building Information Modeling (BIM) technology. The designing for construction safety tool was 


developed to automatically check BIM and make the designing for construction worker safety 


suggestions available to designers and constructors in real time. 


 


The researchers also recognized the innate value that this software tool can have in an academic setting. 


Using this designing for construction safety tool and different models showing the construction process 


 


ABSTRACT 


The U.S. construction industry has incurred the most fatalities of any industry in the private sector 


in recent years. It is partly due to the fact that designers usually lack design for construction safety 


knowledge, resulting in many safety hazards manifesting themselves in various stages during the 


construction process. In this study, the researchers describe a designing for construction safety 


tool which makes designing for construction safety suggestions available to designers and 


constructors in an efficient way. The researchers also recognized the innate value that this 


software tool can have in an academic setting. Using this  designing for construction safety tool 


and different models showing the construction process of a building at various stages of 


completion, students can learn to identify hazards that may arise during the construction process 


and this will increase their awareness of construction safety at both the design and construction 


stages of a project . 
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of a building at various stages of completion, students can learn to identify hazards that may arise during 


the construction process and this will increase their awareness of construction safety at both the design 


and construction stages of a project . 


2. DESCRIPTION OF THE DESIGNING FOR CONSTRUCTION SAFETY TOOL 


2.1 Background 


The designing for Construction Safety Tool was developed based on previous studies (Gambatese et 


a1997) which had already developed and compiled numerous designing for safety suggestions. These 


past research studies found that fall accidents account for a large portion of construction injuries and 


fatalities. In this study, the construction safety checking system was mainly targeted at eliminating 


potential fall hazards. The designing for construction safety best practices were reviewed to identify 


those provisions that deal with the fall protection. Currently more than thirty provisions which are 


related to the fall protection have been isolated. These suggestions were classified into two categories. 


The first category of suggestions are constrained either by precise parameters or by certain materials, 


such as “Design window sills to be 42 inches minimum above the floor level. Window sills at this height 


will act as guardrails during construction.” Another kind of suggestion is currently uncheckable. A 


concept can be uncheckable because BIM may never have the information, or because the information 


will exist only on site in the actual building, or in the mind of an inspector. For example, one best 


practice is “Design appropriate and permanent fall protection systems for roofs to be used for 


construction and maintenance purposes. Consider permanent anchorage points, lifeline attachments, 


and/or holes in perimeter for guardrail attachment.” OSHA standards (2009) also correspondingly 


require (Appendix C to Subpart M  fall protection): 


“(h) „Tie-off considerations.‟ (1) One of the most important aspects of personal fall 


protection systems is fully planning the system before it is put into use. Probably the most 


overlooked component is planning for suitable anchorage points. Such planning should 


ideally be done before the structure or building is constructed so that anchorage points can 


be incorporated during construction for use later for window cleaning or other building 


maintenance. If properly planned, these anchorage points may be used during construction, 


as well as afterwards.” 


 


After the designing for construction safety suggestions were classified, two major components of the 


Model Checking System needed to be developed: the Main Dictionary and the Constraint Model. 


2.2 System Architecture 


After the collected suggestions were formalized, the next step was to develop the proposed Construction 


Safety Checking System. The purpose of this system is to automatically check imported drawings which 


are in IFC format to alert designers of opportunities for improving construction safety. The system is 


developed to provide design for safety knowledge quickly, easily and economically. 


 


Figure 1 shows the architecture of the Construction Safety Checking tool. The x-axis represents the 


project process from the beginning of the design to delivering the documents to constructors. This 


begins on the left with the design development period when the designers draft the initial drawings. It 


then evolves into the design review phase and the agency permitting phase. This culminates in the 


construction period. The design process is an iterative one. Users can submit construction documents 


and check the design for non-compliance by using the Construction Safety Checking software tool. 







After the report identifies the problematic building components, the designer(s) can revise their 


drawings by returning to the architectural design tools. The core of the entire process is the model 


checking software which is supported by the Main Dictionary and a design for construction safety rule 


set. After the design for construction safety knowledge has been incorporated into the construction 


documents, shop drawing can be delivered to constructors for further construction work. 


 


The Construction Safety Checking software tool is based on a Model Checking Software. An online 


version of the Solibri software application or the AEC3 XABIO web-based test-bed can be adopted as 


the model checking application. AEC3 XABIO uses EPM and Octaga technology (Nisbet 2009). AEC3 


XABIO can check an entire regulation or an individual clause and then generate a full explanation. It is 


web-based: the Apache Tomcat web server is used to harness the EXPRESS Data Manager database, 


and the Octaga 3D viewer is used to highlight the building elements at issue (AEC3 2009). This 


application is designed to find potential problems, physical conflicts, or design code violations in a 


building model. 


 


Two additional important components of the Construction Safety Checking tool are the Constraint 


Model and the Main Dictionary. After the designing for construction safety suggestions were classified, 


a MS Excel spreadsheet is used to collect „terms‟ and „properties‟ of these suggestions. It is helpful to 


avoid having the concepts expanding in an uncontrolled fashion. Lastly, the Main Dictionary was 


developed, which is comprised of terms, objects, and properties critical for communication between the 


Model Checking Software, BIM authoring tools and the Constraint Model. Note that the same property 


can occur within the safety suggestions in many places. The Main Dictionary can make sure that the 


property is always assigned the same meaning and unit of measurement. 
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Figure 1: Architecture of Construction Safety Checking Software tool 
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The constraint model, also known as rule sets, is the electronic format design for safety suggestions. It 


takes three steps to transfer the original paper-based design for safety suggestions to the Constraint 


Model. The first step is to transfer the original design for construction safety suggestions into computer 


readable baseline electronic suggestions which are in XML format. Then the logic is established 


between different „terms‟ and „term properties‟ in each suggestion by tagging them and assigning  


different colors to the tags based on their classification. Finally, different logic is encoded, which makes 


the baseline electronic suggestion transfer into Safety Constraint Model/ Safety Rule Sets. 


2.3 Tool Functionality 


After the architecture of the tool had been determined, the next issue was to define the functionalities of 


the tool. The safety checking system was designed to have two main functions. One function consists of 


checking the drawings against the design for construction safety rule set. The tool should also be able to 


provide safety information related to certain building components. This is based on both the 


characteristics of the design for construction safety knowledge and the reasoning process of the safety 


checking tool. One of the differences between building codes and design for construction safety 


knowledge is that a large number of design suggestions are in the textual form without any parametric 


information. Many of these suggestions are very difficult to encode into rule sets that can be compared 


with the properties of building components and be used to restrict non-compliance. Consequently, it is 


better to keep them in their original form and show them to the user in text. In contrast, most building 


codes are connected to attributes that can be physically measured. Second, the building code checking 


systems are generally restricted to providing detailed information after the checking work has been 


finished. The design for safety tool is expected to provide suggestions during the design process. These 


two points are very similar to delivering constructability knowledge to designers during the preliminary 


design phase. By considering the above points, the research will need to find an appropriate way to 


deliver safety knowledge to designers. 


 


The process of checking a construction drawing includes the following steps. First, the user loads the 


design into the rule checker. Then the 3D view can be shown on the right hand side of the safety 


checking tool. The navigation functions usually include Zoom, Spin and Walkthrough. On the left hand 


side are checkboxes which are used to select objects and rule sets. The user could get detailed properties 


of any object by selecting an object tab. The user also can access all design for construction safety 


suggestions by selecting them from the rule sets. A detailed explanation of every suggested design 


provision will be provided and some graphs will also be given to illustrate complex issues. Next, the 


user can select the rules that will be used to check against specific objects. After running the checking 


function, two sets of results will be produced. One is a list of all non-compliance issues identified in the 


drawings, along with suggestions about how to eliminate or mitigate these issues. The user could print 


the report in PDF or other forms. Another set of results will be shown on the right hand side in the form 


of a 3D view. Red circles will show all the components which violate certain rule sets. After getting the 


report from the model checker, the user can change drawings in the architectural modeling tools or keep 


the original design ideas if other requirements need to be met. Designers will be advised to keep a record 


of their decisions for future use. 


2.3 Case Study on Using Safety Checking Tool 


Next a case study of how to use the Safety Checking Tool to check a building model is discussed. The 


user wants to check if the pitch of a three story building with a sloped roof meets the safety requirement. 


The user imports the sample model into the Model Checking Software to check whether the roof slope 







meets the requirement. Because according to OSHA standard, low-slope roof means a roof having a 


slope less than or equal to 4” in 12” (OSHA 2009), the following requirement need to be met. 


“Minimize the roof pitch to reduce the chance of workers slipping off the roof.” 
 


After loading the Constraint Model and clicking the „Navigation‟ button, the system would generate a 


3D view of the building model. As shown in Figure 2, the roof of the subject building model is so sloped 


that there is a possibility that the roof does not meet the requirement. Then the pitch of the roof can be 


checked. After running the Model Checking Software, the tool will give the results as shown in Figure 3. 
 


The detailed description demonstrates that the pitch of the subject roof does not meet requirements. The 


project participants need to consider either revising the building model or installing fall protection on the 


construction site. Suppose that after discussions among the Design-Build team members, the designers 


can go back to Revit Architecture to revise the building model. As shown in Figure 4, the Revit 


Architecture model shows the roof slope is 5”/12”, which causes serious construction site fall hazards, 


since past experience has verified that the roof pitch should be no more than 4”/12” to be a safe work 


place . The user should modify the parameter of the roof to a more reasonable number. 


3. EDUCATIONAL USE  


The Construction Safety Checking Tool and BIM offer a tremendous opportunity of learning for design 


students. The objective is to acquaint design students with examples of how they can impact 


construction worker safety in a positive way through their design decisions. Using the Construction 


Safety Checking Tool and BIM models representing a building at various stages of completion, a student 


can explore and visualize the safety hazards present at each stage of the construction process.  This will 


enhance their ability to identify risks which is the first step in any risk mitigation process. For example, 


Figure 5 shows a three story building which has a stair at the second floor. During a certain period of 


construction process, there is a opening on the second floor which is a potential safety hazard to 


construction workers when the stair has not be been installed. A temporary barricade structure needs to 


 
 


Figure 2: Slope of the Building Roof Evaluated Using the Model Checking Software Tool 







 
Figure 3: Non-Compliance in 3-D View 


 
 


 
Figure 4: Change in Slope Parameter of the Roof 







be set up to protect the construction workers. However, these safety hazards will disappear after the 


railings are built around the floor opening, so the model checking software cannot identify these kinds of 


hazards when the project is complete. To overcome this drawback, it is necessary to check the buiding 


model at specific points of time during the construction period. Figure 6 shows all the stairs and 


openings in the building detected by an IFC viewer. As shown in Figure 7, the students could use the 


model checking software to detect the opening on the second floor, which poses a severe safety hazard 


during the construction process. 


 
The project schedule undoubtedly impacts construction site safety. For instance, construction workers 


tend to neglect surrounding hazards when an expedited schedule is assigned to their tasks, which causes 


disproportionate construction injuries and fatalities. In contrast, a well-organized project reduces the 


pressure on construction workers and correspondingly diminishes the occurrence of accidents. The BIM 


application enables "what-if" scenarios for visual risk management and time-based workflow planning 


when linked with Clash Detection. The “what if” analysis is a structured brainstorming method which 


usually is used to uncover hidden hazards. The 4D models link components in 3D CAD models with 


construction schedules. The 4D model allows project participants to view the planned construction of a 


facility over time and review the status of a project in the context of a 3D CAD model. In practice, many 


constructors have used 4D models to study different design and schedule alternatives and educate 


workers about what would be happening during each stage of construction. The same process is used to 


help students in becoming proficient in identifying safety hazards as the completion of a construction 


project progresses over time. 


 
Although coordination between scheduling and safety planning has been identified as an important 


factor to a successful project, this issue has not been fully discussed in a 4-D environment. 3-D CAD 


technology is being substituted by BIM technology. With the rapid progress of BIM technology, it is 


necessary to propose the concept of four-dimension-safety (4-D-Safety). 4-D-Safety is the technology 


that uses 3-D software to detect the locations of the construction site hazards and meanwhile uses 


scheduling software to identify corresponding high-risk time periods. There are various construction 


hazards on construction sites during different construction time periods. Since the construction site 


conditions vary according to the progress of the building, the construction hazards that exist during the 


construction process of a building structure will disappear with the completion of that building structure. 


The corresponding protective measures must be taken for the appropriate situation and at the right time. 


This is another difference between design for construction worker safety suggestions and the building 


codes. Building codes are used to protect the public and end users who will take occupancy of the 


completed building. The Model Checking Software (MCS) just needs to check the as-build model to 


ensure that the building fulfills all the requirements. Design for construction worker safety protects the 


construction workers during the entire project life-cycle, i.e., the construction process is a major phase in 


which procedures should be taken to protect the safety of construction workers. The Model Checking 


Software (MCS) developed for this purpose is theoretically able to check safety conditions of a building 


information model at any point in time during the construction process. The project participants, only by 


coordinating the safety planning with scheduling in a 4-D environment, can locate potential construction 


site hazards in advance. By identifying hazards associated with a specific construction period, 


appropriate measures can be taken to reduce or eliminate the hazards during the design and construction 


process. This process of hazard identification and abatement during the construction process during both 


the design and construction phases is the basis for using this safety checking tool in an educational 







setting to help students become more safety conscious during both the design and construction 


processes. 
 


 
Figure 5: Section View of Completed Building Structure with no Safety Hazards 


 
Figure 6: View of Completed Building Stairs and Openings 







 


 
 


 
Figure 7: View of Floor Opening 


 


4. SUMMARY 


A design for construction worker safety software tool has been developed. This tool can automatically 


check for fall hazards in the building information models and provide design alternatives to users. It can 


be used by the architects/engineers during the design process or be used by the constructors before 


performing the construction work. The tool can also be used in educational settings to help students 


become more safety conscious by allowing them to check for safety hazards at any given point in time 


during the progress in the construction of a building. 


 


This tool consists of a „Model Checking Software‟ and the „Constraint Model/Rule Sets‟. The model 


checking software is an object-based rule engine such as Express Data Manager (EDM), which can 


conduct an automatic design checking process. These rule sets are based on electronic computer-


readable construction safety suggestions. The user loads the subject building model into the design for 


construction safety tool. The user can get familiar with the building model through 3D navigation which 


includes functions such as zoom, spin and walkthrough. Then, the user needs to select the specific rules 


sets which will be used to check against the subject building model. After running the model checking 







tool, two sets of results will be produced. One is a list of all non-compliances identified in the drawings, 


along with possible suggestions about how to eliminate or mitigate these hazards. Another set of results 


will be shown in the 3D view. The building model will be marked with colorful circles which highlight 


all the building objects violating certain design for construction safety rules. After getting the report 


from the model checker, the user can either change the drawings in the architecture software or keep the 


original design ideas if other requirements need to be met. The student can compare the list of safety 


hazards that they have identified to the list identified by the safety checking software tool and learn from 


the ones they missed. Future research will be dedicated to checking and validating the tool  
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Abstract 


This paper looks at the vehicle of the Knowledge Transfer Partnership (KTP) between 
academia and business and how successful it is in reaching its range of objectives and 
developing theoretical and practical educational materials for BIM curriculums. The KTP 
operates by helping businesses improve their competitiveness and productivity through the 
better use of knowledge, technology and skills that reside within the UK knowledge base. At 
the same time, it also helps to increase the business relevance of knowledge base research 
and teaching for the academic institutions.  


For this paper, the KTP project between the University of Salford and John McCall 
Architects (JMA) in Liverpool is reviewed. This two year KTP focused on the implementation 
of BIM and Lean principles to JMA’s architectural practice in social housing sector. The 
KTP project is 70% Government funded and 30% funded by JMA and undertaken under the 
Technology Strategy Board programme, enabling innovation in business. The initial aims 
and objectives of the KTP are assessed and evaluated against the actual knowledge transfer 
and implementation and the final outcomes of the KTP for the University, JMA and the KTP 
associate are highlighted. 
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1. INTRODUCTION 
KTPs are projects between Universities and companies through which academia share 
knowledge and assist in the development of the industry, in this case in BIM adoption and 
Lean implementation. The Lambert Review of Business-University Collaboration 
acknowledges that the Government’s funding (in the UK) of knowledge transfer has helped 
to generate culture change and increased capacity to engage with business that delivers 
results (Lambert 2003). Businesses need to develop efficient processes, using the most 
current tools, technologies and techniques available. Collaboration using the KTP model also 







creates an invaluable opportunity to develop high quality, accurate educational material for 
courses at the universities in both undergraduate and postgraduate levels.  
 
There are three main objectives of a Knowledge Transfer Partnership: 


1) To facilitate the transfer of technology and the spread of technical and business skills  
2) To stimulate and enhance business relevant research and training undertaken by the 


Knowledge Base  
3) To provide company based training for  KTP Associates to enhance their business and 


specialist skills  
 


Here we will look at the second of these objectives in relation to BIM and Lean. Creating 
educational opportunities is as much challenging as it is significant to educate and up skill 
people practising in the construction sector. Further, developing educational material and 
designing and developing curriculums for BIM and Lean from scratch is a big barrier. This is 
because, most of the sources of materials are either from research studies, which are only 
released via publication only, or vendor oriented material, which is biased towards 
proprietary BIM tools. In order to overcome this limitation in educational material 
development, one effective way is to undertake a KTP. 
 
Both academia and business have something to contribute and gain in this commensurate 
approach to knowledge development. Knowledge transfer seeks to organize, create, capture 
or distribute knowledge and ensure its availability for future users. This concept of 
knowledge sharing forms the basis of the KTP schema. Using the knowledge gained from the 
KTP the University can develop course material. The mechanism of knowledge exchange 
which takes place as part of a knowledge transfer partnership is illustrated in Figure 1. 
 
 
 
 
 
 
 
 
 
 
 


 
 
 
 
 
 
 


Figure 1  KTP knowledge transfer schema 
 







For example, in the case of KTP project about BIM and Lean between the Salford university 
and John McCall Architects (JMA), academia needs to understand them both from a business 
and academic perspective. This knowledge needs to extend to a clear prediction of the skills 
businesses will require from future university graduates. This knowledge then needs to be 
integrated into existing and new course offerings.  
 
Companies such as JMA face many challenges when adopting BIM and Lean. Firstly they 
need to become sufficiently informed of current technology and concepts to develop an 
appropriate plan of action. Secondly companies need to have a good understanding of their 
existing processes to ensure new methods and systems can be effectively and beneficially 
integrated. Particularly important is having an understanding of what gives the company its 
unique competitive advantage. This needs to be maintained through the disruption of 
innovation. Then companies need to develop a vision for their future and gain appropriate 
support for this concept. In line with lean principles new tools and processes need to be 
thoroughly tested before they are integrated into the company’s production system. 
 
2.  THE BIM LEAN IMPLEMENTATION PLAN IN THE KTP PROJECT 
 
The first objective of the KTP was to undertake a detailed analysis of the company’s current 
process and situation. Through a series of interviews and research it was possible to produce 
process flow charts of the current process. Soft system analysis was the method chosen to 
gain an insight to the way JMA works. The conversion of tacit knowledge into a visual com-
prehendible form was seen as a critical stepping stone allowing transfer of knowledge in this 
project. The current technology used at the company was also evaluated and a report was 
written documenting this. Discussions were also undertaken with internal and external stake-
holders to gain a deep insight into the organisation. Research and presentations were also 
given showing the benefits of Lean and BIM to the organisation. These advantages were also 
documented in several reports. Detailed strategies of how to adopt BIM and Lean were then 
produced. Suggested Lean Processes and procedures for JMA were documented using the A3 
method. A report on the Key evaluation metrics was also written (Coates, P., et al 2010). The 
next step was to identify and undertake pilot projects using BIM and at the same time identify 
more potential efficiency gains. Running alongside this was a program of staff training, 
bringing staff up to speed on the new methods of operation. JMA BIM manual was also pro-
duced. Finally the whole project is to be reviewed and the lessons learn recorded and evalu-
ated. Future potential benefits are also to be identified. The KTP project a two year project, is 
to be completed by January 2011. 
 
3. KTP KNOWLEDGE REQUIREMENT AND KNOWLEDGE ACQUISITION 
ANALYSIS 
 
At the outset of the project a knowledge analysis was undertaken to identify the areas of 
knowledge necessary to undertake the KTP (see Figure 2). This was achieved by analysing 
the original project plan. The precise areas of additional knowledge required will depend on 
the previous areas of expertise of the KTP associate. Some of the areas of knowledge were 
accessible through soft system research at the company (Checkland, P., et al 2006). Other 
areas required research outside of the company, particularly to establish current “best 
practice” for BIM and Lean. To better understand the application of BIM best practice, in this 
case the KTP associate visited practices in Finland and undertook telephone interviews with 
practices in the UK. 







 
Figure 2 Analysis of Knowledge Requirement 


 
Action research formed a major element of the KTP. Action research is simply a form of self-
reflective enquiry undertaken by participants in social situations in order to improve the 
rationality and justice of their own practices, their understanding of these practices, and the 
situations in which the practices are carried out.  
 
3.1. THE APPLICATION OF KNOWLEDGE 
 


It is critical that methods are setup to continually and effectively disseminate the knowledge 
gain through the KTP projects. 
 


a) Deliverables issued to relevant parties 
b) Recorded monthly and weekly meetings to share information and knowledge 
c) Minutes 
d) Presentations to JMA, the University of Salford and external parties 


 
The final stage of the project plan is concerned with the overall evaluation and dissemination 
of the project. This will take place in the last few months of the KTP. 
 
3.1.1. TANGIBLE COMPANY BENEFITS 
 
The benefits achieved for John McCall Architects out of this KTP were as follows: 
 


a) Input into the JMA quality system 
b) A SWOT analysis was produced for the company 
c) The company developed many lean process improvements as part of the KTP 
d) The company develop a better knowledge of the concept of BIM 
e) The company and its new Lean / BIM approach was promoted at many exhibitions 


and venues (Marketing) 
f) Staff were trained in operation skills to use BIM software 
g) Software tools to be used underwent a rigorous process of evaluation 
h) More efficient and cost effective processes adopted by the company 







i) Development of the knowledge management database 
 
3.1.2. TANGIBLE UNIVERSITY BENEFITS 
 
The benefits achieved for the University out of this KTP were as follows: 


a) Flow charts and process diagrams of existing processes 
b) A SWOT analysis of the company 
c) Powerpoint presentations developed show the benefits of BIM to all the different 


disciplines within the construction process 
d) Powerpoint presentations explaining Lean principles and their application to 


architectural practice 
e) Development and use of systematic BIM authoring tool review process and 


presentations 
f) Documentation of Lean efficiency gains and the efficiency gains by adopting BIM 
g) Developing a set of Key Performance indicators for the project 
h) Development of a database system to structure information residing outside of the 


BIM graphical model 
i) Presentation at the University to other students concerning the project 
j) Observation and awareness of the issues concerning the piloting projects 
k) Awareness of the training methods and material developed to train members of staff 


at JMA 
l) Review and dissemination of the project  
m) Presentation at several conferences and several journal papers written 
n) KTP Associate teaching involvement with MSc students 
o) The KTP also contributes to the Research Assessment exercise (RAE) rating of the 


educational department involved. 
p) Identify new research themes and undergraduate and post graduate projects 


 
From these deliverables the university has been able to develop material for new and existing 
courses. 


 
 


Figure 3 Converting KTP knowledge into course material 
 
3.1.3.TANGIBLE ASSOCIATE BENEFITS 
 







Although the primary beneficiaries of the KTP are business and academia, the KTP associate 
as the main conduit of knowledge between the University and the business is also in a 
position to benefit to the knowledge gained. 
 


a) The KTP associate has gained a unique knowledge in an area of development and 
innovation in Lean and BIM 


b) Access to experts both in the academic and business fields 
c) Development of presentation and project management abilities 
d) Makes the KTP associate more employable at the end of the KTP 


 
 
5.00 TRANSFERRING KNOWLEDGE INTO THE BIM / LEAN CURRICULUM 
 
What is clear is that BIM is not just another CAD; it is the shift from presenting information 
about the building to representing this information. BIM is a technology which allows its 
users to see old thing in new ways and facilitates prototyping in the design process. BIM also 
offers a platform for interoperability and integrated project delivery. 
 
Development of successful education depends on more than just curricula development. 
Supporting curricula development there needs to be knowledgeable tutors, a body of research 
and reference material and the appropriate environment in which to learn. Through the KTP 
the academic supervisors gain industrial experience allowing them to become more 
knowledgeable tutors. Developing on from this is the aggregation of learning communities. 
The conference and journal papers produced during the KTP also added to the body of 
knowledge stored on the Universities websites, that maybe referred to by future students. As 
part of the KTP many of the deliverables were in the form of rich pictures which are more 
likely to be understood and easily assimilated by future students. 
 
By applying concepts of BIM and lean simultaneously allows for the adoption of BIM with a 
greater understanding of the efficiencies to be gain and how the technology integrates within 
the construction process. The development of curricula and learning material very much 
depends on a prediction of the future. Using the BIM maturity index maybe one way of 
considering future development (Succar, 2009). 
 
To consider BIM and Lean in terms of a single discipline result in a sub optimal understand 
of the concepts. Universities have addressed this in different ways. Some universities 
integrate BIM into Architecture courses, some run Architectural Technology or Architectural 
IT courses, other see BIM and Lean as an element to be incorporated into project or 
construction management courses. BIM and Lean are equally relevant to subjects such as 
Engineering, Quantity surveying or Facilities Management. To achieve the maximum benefit 
from course material develop it should were possible meet the needs of multiple courses. If 
BIM and Lean are to provide integrated solutions such competencies should be developed as 
learning outcomes for educational programmes (Onur, 2009).  
 
In deciding the methods of student knowledge acquisition as part of the BIM curriculum 
should be considered. Guidance on the best methods to used are indicated on the retention 
rate pyramid (see Figure 4 ). Bloom’s taxonomy of the cognitive domain suggests that higher 
levels of learning and activity cannot be addressed before the lower levels are covered. 
(Bloom 1956) Figure 5. This should also be considered when developing the curriculum. 
 
 
 







  
 


Figure 4 Analysis of best methods of   
knowledge acquisition (Steve Draper) 


Figure 5 Bloom’s taxonomy of cognitive 
domains 


 
6.00 CONCLUSION 
 
The vehicle of the Knowledge Transfer Partnership has allowed senior academics from the 
University of Salford to get a more direct experience of the issues and challenges addressed 
when transitioning to BIM and Lean. Academics are able to see what is happening in the 
business setting and are able to ask questions to those directly involved. This gives an 
immediacy and accuracy to the insights gained. Numerous deliverables were produced which 
can be used at a later date by the University. New knowledge has a limited shelf life and it is 
hoped that through the connections made through the KTP ongoing links between academia 
and industry will be forged. 
 
The John McCall practice has also benefited from the academic understanding of BIM and 
Lean related issues effectively allowing them enter the Lean and BIM arena with a more 
mature level of knowledge. Although described as a knowledge transfer partnership through 
action research new insights have been gained and new knowledge created.  
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Abstract 
Due to the urgent need for a response to energy security, aging commercial buildings 
are required to conform to increasingly stringent environmental standards, particularly 
with regard to energy and water consumption. Solutions to reach the energy-related 
goals seem to exist. However, it is often difficult to gain synergistic benefits from the 
installations. The energy savings actually achieved are often disappointing. The 
building owners typically invest on “low-hanging fruit” energy efficiency measures in-
cluding window replacement or light fixture replacement. Systematic measurement 
and verification are rarely available due to the high initial cost of such studies. There-
fore, there is a significant chance that misunderstandings and unrealistic expecta-
tions will affect decision making related with building sustainability. The ability to syn-
thesize emerging technologies into a robust computational platform for monitoring 
coupled human-building environments is lacking. This paper disscusses developing a 
prototype of BIM-based Baseline Building Model (B3M) for aging commercial 
buildings. As-built BIM of a public building was employed as a platform for delivering 
user-actionable information to building occupants, maintaining healthy environments, 
and achieving further energy savings. Initial testing was conducted at the Technology 
Innovation Center with data collected for four months. The results of this study 
showed that  B3M  provides a robust computational platform for monitoring coupled 
human-building environments. B3M would be a useful system when aging 
commercial buildings need to measure and verify accurate benefits of the 
installations. 
Keywords 
BIM, energy efficiency, baseline building model, XML parser, sensor network 


 


1. INTRODUCTION 
The urgent need for a response to energy security and global warming has become more acute. 
Existing commercial buildings in the United States consume 71% of electricity, 39% of all energy, 
and 12% of water; they produce 40% of nonindustrial waste and 38% of CO2 emissions (U.S. Green 
Building Council 2009). Demand for electricity is expected to grow 30% by 2030, and electricity 







prices are forecast to increase 50% over the next 7 years (Conti and Sweetnam 2008). Achieving a 
net-zero-energy (NZE) building (Torcellini, et al. 2006) and building energy efficiency coupled with 
healthy and sustainable work environments are nationwide challenges for local, state, and federal 
governments  (National Science Foundation 2009).Therefore, buildings are required to conform to 
increasingly stringent environmental standards, particularly with regard to construction waste recy-
cling and  energy and water consumption. Policies and incentives such as federal and state tax cre-
dits; utility rebates and pricing structures; and government-backed research to develop energy-
efficient technologies gradually mitigate energy consumption (US Department of Energy, 2008). 
However, there are still opportunities to improve energy efficiency of the existing buildings. Due to 
the limited resources, building owners of aging commercial buildings typically do not keep track of 
energy performance. They typically invest on “low-hanging fruit” energy efficiency measures in-
cluding window replacement; light fixture replacement; heating, ventilating, and air conditioning 
(HVAC) system upgrade; or building envelope improvement. Life cycle assessments and systematic 
sustainability initiatives are rarely available due to the high initial cost of such studies. Therefore, 
there is a significant chance that misunderstandings and unrealistic expectations will affect decision 
making related with building sustainability. 
Energy measurement and verification of aging commercial buildings also remains difficult because 
such buildings rarely acquire actual operating conditions and analyze builsing subsystems 
interaction. Subsequently, there is a lack of accurate baseline energy models of the existing buildings 
(Whole Building Design Guide, 2009). Federal, state and local government adoption of sustainable 
guidelines such as LEED™ and Green Globes™ calls for improved baseline building models 
describing existing consumption, as well as for indoor air quality, water consumption and solid and 
hazardous waste management.  Simulation models typically are used to identify energy efficiency 
measures and evaluate the energy performance of a new building compared to an energy baseline 
model. However, simulation results often are compromised by uncertainty and vague assumptions 
used in baseline models. 
The need to develop an integrated baseline building model for future sustainable buildings becomes 
more and more urgent. A building baseline for intelligent, self-maintaining buildings (Fiatech 2009) 
should be capable of delivering user-actionable information to building occupants, maintaining 
healthy environments, measuring peak load reductions, and achieving further energy savings. The 
baselines should communicate with all of the subsystems such as smart meters, building automation 
system, renewable energy, HVAC, lighting, and waste management. The lacking is the ability to syn-
thesize emerging technologies into a robust computational platform for monitoring coupled human-
building environments (Granade, et al. 2009). 
2. USE OF BIM IN BASELINE BUILDING MODELS 
Building Information Modeling (BIM) is one of the most significant recent innovations in 
architecture, engineering and construction. It integrates the description of static building data such as 
3D geometries, materials, building structures, Mechanical, Electrical, and Plumbing (MEP) systems, 
occupants, etc. into an intelligent format. The use of BIM has been focused on building design rather 
than building operations and facility management. Although the potential of using as-built BIM for 
facility management (Ezell 2007) is well known, a systematic approach to provide the necessary 
information for sustainable buildings is yet to be developed (Young, Jones and Bernstein 2009). 
Construction Operations Building Information Exchange (COBIE) has been developed to automate 
the handover and commissioning process of a facility at the end of the construction (East 2008). 
However, it does not provide continuous support for building operation and maintenance for the 
entire building life cycle. 
Comprehensive baseline models should be able to acquire and analyze actual operating conditions 
and measure and verify energy savings accurately. If a building baseline model is created directly 
from an up-to-date BIM, the energy model can be regenerated as the operating conditions are 







updated. Facility management processes can be improved significantly through the use of an as-built 
BIM that can integrate real-time building performance data. Expanded use of BIM would allow for 
more detailed analysis of building systems. BIM-based building energy models can be designed to 
store energy performance data such as consumption, temperature, CO2 emissions, occupancy, and 
humidity. In addition, the connection to the BIM allows facility managers to simulate occupancy 
changes, facility upgrades, or energy management strategies based on potential energy demands. In-
tegrating environmental and energy data and metrics within BIM tools would reduce data and input 
errors. Furthermore, a BIM-based energy model could pass decision-relevant information to various 
energy simulation programs to assist building owners in optimizing building energy efficiency. 
However, there has been no attempt to link BIM with building automation systems or energy 
management systems. As more information is accumulated in as-built BIM, a higher level of design 
and construction expertise can be contributed, as required, for sustainable design solutions in the 
future. As-built BIM also can be used for studying various aspects of building performance. The 
recent development of National BIM standards promotes the use of BIM for integrating building 
information during the entire building life cycle. Previous studies (Eastman, et al. 2008) also showed 
that an accurate as-built BIM should be used for managing facilities and analyzing potential retrofit 
projects. 
This paper addresses this need by describing an approach for developing as-built BIM coupled with 
various energy data acquisition tools. Existing as-built technologies, such as 3D laser scanning, are 
also demonstrated and future uses for as-built BIM are suggested. The implementations presented in 
this paper are part of an ongoing research project involving a local governmental agency building 
with significant renovation needs. This paper also addresses serious gaps in the scientific research on 
monitoring, verifying and enhancing energy savings and performance of existing buildings. Previous 
research has been limited by the lack of interoperability amongst various data resources such as 
utility bills, one-time inspection or metering activities and a lack of data integration for energy 
performance analysis (e.g., actual real-time data was not integrated into energy baseline models). 
This research removes these limitations by developing a BIM system linked with a sensor network to 
provide stakeholders with better data on building performance and better methods for making 
appropriate sustainable energy-related decisions.  
3. PREVIOUS RESEARCH 
Very little research has been done on the topic of comprehensive baseline models describing not only 
existing energy consumption, but also indoor air quality (IAQ), renewable energy, and water 
consumption (Bharvirkar, et al. 2008). Models for waste management and recycling are also 
important since transforming waste into valuable resources is to contribute to sustainability  (Kunde 
and Newenhouse 2002). Environmental Protection Agency (EPA) has developed IAQ models to 
calculate risks associated with indoor air problems. Botic and Diggelman’s environmental risk model 
(2007) calculated Environmental Risk Value (ERV) to identify potential risks associated with air 
pollutants such as Volatile Organic Compounds (VOCs) from off-gassing hazardous construction 
materials. However, these models need a variety of data from ventilation, occupancy, and emissions 
and take a significant amount of time to produce the intended analysis due to labor-intensive data 
collection processes. Comprehensive building baseline models should capture IAQ data from various 
systems to maintain up-to-date IAQ models. 
The focus of previous research on building baseline models has been limited to the measurement and 
verification of energy consumption in accordance with the American Society of Heating, 
Refrigerating and Air-Conditioning Engineers, Inc. (ASHRAE) Standard 90.1. Various building 
simulation models have been developed to assess energy savings accurately. However, it remains 
difficult to accurately measure and verify energy savings because the data acquired and analyzed 
rarely reflects actual operation conditions for the building (Sylvester, et al. 2002). The unfortunate 
result is a significant chance of misunderstanding of building energy performance which impacts 







decision making. One of the most time-consuming and labor-intensive tasks in building energy 
modeling is reconstructing building geometries and setting the operating conditions necessary to 
accurately represent the working environment in a simulation tool. The simulation often deviates 
from actual building conditions and, in turn, decreases the accuracy of building energy models 
(Whole Building Design Guide 2009). 
4. BUILDING 
The Technology Innovation Center (TIC) of the Milwaukee County Research Park (MCRP) was 
used as a test bed. The TIC is a 138,000 sq. ft. solid masonry structure built in 1913 as the Muirdale 
Tuberculosis Sanitarium. It generates and nurtures start-up technology-based businesses, driving 
development, innovation, and job creation. Since its inception in 1993, the TIC has served over 120 
companies which created 866 jobs and graduated 72 companies, 80% of which relocated in 
Southeastern Wisconsin.  
The TIC still uses wall-mounted air conditioning units. There is no central energy management  and 
control system. With Milwaukee County’s Department of Public Works, Johnson Controls, Inc., and 
other design, engineering, and construction professionals and contractors, MCRP has developed a 
comprehensive capital improvement plan, centered on a complete upgrade of the building’s 
mechanical and energy systems which promised significant energy savings to the MCRP. The 
owners also had ambitious goals regarding other dimensions of sustainability such as water 
management, waste recycling, or obtaining a LEED™ certificate. 
5. BIM-BASED BASELINE BUILDING MODELS 
A prototype of a BIM-based Baseline Building Model (B3M) was developed in order to provide a 
technological plaform for measuring accurate energy consumption and linking energy-related data 
with as-built BIM of the TIC. The key components of B3M is sensor network, as-built BIM, XML 
parsing engine, and integrated database as shown in Figure 1. 


 
 
Figure 1 Concept diagram of BIM-based Baseline Building Model 
The sensors and data loggers acquire and store energy data such as power consumption, temperature, 
CO2 emissions, occupancy and humidity while BIM captures static data about the size and location 
of HVAC equipment, building materials, geometries and envelope performance. B3M also acts as a 
central data repository achieving data integration among the different components of building 
management systems. The focus is on integrating data sets from the seperate proprietary building 
systems in open formats and collecting data related to the energy performance and environmental 
aspects of the building. 
5.1 Sensor Network 
The research team instrumented two offices, room 264 and 273, on the northwest corner of the TIC 
with sensors and data loggers to capture data which include indoor dry bulb temperature; relative 







humidity; indoor CO2 (as a surrogate for occupancy); lighting electricity consumption/demand; re-
ceptacles electricity consumption/demand; cooling electricity consumption/demand; outdoor dry 
bulb temperature; relative humidity; solar radiation; wind speed; and wind direction. A weather 
station was installed on the building roof. The objective of the installations was to collect accurate 
energy consumption data and store the data set into Onset’s database server for use in analyzing 
building performance at a finer level. Seven temperature sensors, three CO2 sensors, twelve power 
sensor modules, and two data loggers interfacing with Onset HOBOlink and HOBOware Pro were 
installed in the winter of 2009. All sensors are wired and battery-powered. The list of equipments is 
shown in Table 1. 
Table 1 Equipment List for Room 236 and 247 
Equipment Measurement Room 236 Room 247 


Sensors 
   


 
TEL-7001 CO2 Level 1 2 


 
S-THB-M008 Temperature / Humidity 4 3 


 
T-MAG-SCT-050 A/C 1 (Window Type) Current Transformer 2 2 


 
S-UCC-M006 A/C 1 (Window Type) Pulse Input Adapter 2 2 


 
T-MAG-SCT-20 Lighting Current Transformer 1 1 


 
S-UCC-M006 Lighting Pulse Input Adapter 1 1 


 
T-MAG-SCT-20 Receptacles Current Transformer 3 1 


 
S-UCC-M006 Receptacles Pulse Input Adapter 3 1 


 
T-WNB-3D-240 kWh logger (WattNode) 1 1 


Data Loggers 
   


 
U30-ETH Energy Logger 1 1 


      
Data from the sensors were recorded on Onset’s HOBO® Ethernet Communications Data Loggers, 
model U30-ETH, in 5-minute intervals and were transmitted to the Onset’s database server via data 
organization software HOBOware Pro. Examples of output from the system can be seen at the web-
site: https://www.hobolink.com/p/691f87a78e34150be0d0a0f905f0c6b6. The equipments were in-
stalled and calibrated on January 22, 2010. Some minor problems were identified and fixed by April 
14, 2010. An example of monitored energy consumption data is shown in Figure 2.  


 
Figure 2 Power Consumption in Room 236 


0


0.05


0.1


0.15


0.2


0.25


0.3


0.35


4/14/2010 0:00 4/24/2010 0:00 5/4/2010 0:00 5/14/2010 0:00 5/24/2010 0:00 6/3/2010 0:00


E
le


ct
ri


ci
ty


 C
o


m
su


m
p


ti
o


n
 (


k
W


h
)


Date


MCRP Room 236 5-Minute-Interval Electricity Consumption (April 14 - June 6 2010)


Receptacles 1


Computer Server


Lighting


Receptacles 2


AC 1



https://www.hobolink.com/p/691f87a78e34150be0d0a0f905f0c6b6�





5.2 As-built BIM 
The research team developed an as-built BIM of the TIC using Autodesk Revit™ software. Revit 
data was stored in a MS Access database through Revit APIs using Visual Basic (VB). This interface 
allowed Revit to refresh updated information to the database. Additional parameters were added to 
the Revit software environment to store energy-related information. The research team captured 
necessary information for as-built BIM from three different resources: CAD files, old drawings, and 
3D Point Clouds. An on-site survey was conducted as well. The two dimensional CAD files was 
imported directly into Revit and used as a background for trace over to develop Revit models. This 
process simulates the steps that would be required to create an as-built BIM of a building when the 
original CAD drawings are available. The exterior of the buildings was scanned by engineers from 
Excel Engineering, Inc from Fon Du Lac, WI and modeled from the point clouds (Figure 3). The 
interior of the buildings was modeled from CAD drawings. The research team used Leica High 
Definition Scanner and Cyclone software, which was used to transfer 3D point clouds to Revit™. 
 


  
Figure 3 3D Modeling Prcess using Point Clouds 
5.3 Data Import/Export from BIM and Sensor Network 
After the TIC was virtually constructed in Revit™, the building model was extended as a baseline 
database management system (DBMS) via RDBLink, an open database connectivity (ODBC) 
protocol which is provided in 2009 Revit application programming interface (API). RDBLink is 
capable of pushing a variety of property values that are made in the DBMS back to their 
corresponding elements in Revit. In addition, the RDBLink application can create a new Revit 
Family based on added records in the DBMS. Figure 8 shows that ODBC links the external DBMS 
database and Revit’s database system. 
A MS Access database was used to host the BIM data and energy data retrieved from Onset database 
server. This environment allowed B3M to update with the latest conditions of the TIC. In addition to 
centralizing the data flow, the database enables real-time collaboration, as changes to the model are 
reflected on all clients each time their view of the data is refreshed.  
5.4 Prototype: MCRP PRO 
Building data from the as-built BIM were unified with monitored data to provide accurate building 
baseline conditions. As a part of this effort, a parsing engine was developed to translate Sensor ML 
data to be used in a .NET and Revit API environment. The Parsing Engine, called MCRP PRO, is 
designed to access to the Onset’s database server to extract recorded sensor data. The functions of the 
Parsing Engine are as follows: receives data, decrypt, parse, send to data grid view, and insert data 
into MS Access database. MCRP PRO was developed using .NET programming languages, 
including Visual Basic and C#. Visual Studio.NET was chosen as the development platform to 
establish the internet-based application via ODBC protocol (Figure 4).  
The datasets are delivered in SensorML, an industry standard XML schema, defining the geometric, 
dynamic, and observational characteristics of sensors. Authentication is achieved via a “token” 
which is provided by Onset. The parsing engine used pre-defined algorithms to parse the data and to 







send and receive data from different data protocols, normalize the data, and exchange it in an XML 
format. It also converts the SensorML data to open XML/SOAP Services so that it can be used in 
.NET environment. Finally, it mapped data to .NET applications which store the data into the 
database. Figure 5 shows that MCRP PRO was used in temperature monitoring for the TIC.   


 
Figure 4 Prototype Parsing Engine 
 


 
Figure 5 Temperature Monitoring for the TIC 
6. CONCLUSION 
This paper have focused on developing B3M. As-built BIM of the TIC was employed as a 
technological platform to deliver user-actionable information to building occupants, maintaining 
healthy environments, measuring peak load reductions, and achieving further energy savings. Initial 
testing was conducted at the TIC with data collected for four months. The results of this study 
showed that  B3M  provides a robust computational platform for monitoring coupled human-building 
environments. B3M would be a useful system when aging commercial buildings need to measure and 
verify accurate benefits of the installations. The integratred data framework have a potential to create 
substantially more interconnected building systems and reduce operational and environmental risks. 
The future research will develop a set of exemplary B3M-based applications to test and verify its 
ability to meet user needs. The verification approach with real data will provide stronger evidence of 
how B3M contributes to sharing building information within the context and scale of real facility 
management practices.  
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The leadership in energy and environmental design (LEED) green building rating system has 


been consistently gaining popularity in the building industry since its debut in 1998 (LEED 1.0). 
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Abstract 


Green building and sustainable construction have long been incorporated into the curriculum of 


construction management programs at both the undergraduate and graduate level. The 


Leadership in Energy and Environmental Design (LEED) green building rating system is an 


important topic in such curricula. Current LEED education for college students is typically 


constrained to fundamental theories found in textbooks and reference manuals. Due to a lack of 


practical experience, college students usually find it difficult to understand the rationales behind 


the LEED system, and of course, to conceive how a LEED project is delivered in the field. This 


paper discusses an innovative educational approach experimented with at Rinker School of 


Building Construction that facilitates sustainability education through its integration with 


building information modeling (BIM). 


This BIM-for-LEED education model takes advantage of cutting-edge BIM authoring and 


analyzing tools to delineate critical design factors that contribute to the success of achieving 


LEED certification, using real LEED certified buildings on the campus of University of Florida 


(UF). Emphasis was placed on understanding design factors that were critical to contribute to the 


conformity to LEED certification, and the desired functionalities of the BIM solutions to achieve 


such compliance. Both lectures and labs are given to students to enrich their knowledge in 


computer aided sustainable design, and more importantly, hands-on modeling experience to 


expose the nuts and bolts of a LEED oriented design workflow. It was observed that at the end of 


the semester, the students had not only gained more in-depth understanding about sustainability 


and the LEED rating system, but also they had mastered solid skills to model LEED-compliant 


buildings. The advantages of using on-campus LEED projects  is that the students could easily 


visit these buildings to identify the gaps between their design and the real projects and thus 


extend their understanding of sustainability and LEED from the design phase to project’s 


construction, or even the operation and maintenance of the building. 


Keywords 


LEED, BIM, Education, Curriculum. 


1. INTRODUCTION 







 
 


1. Strong marketing of the U.S. Green Building Council (USGBC) in terms of membership 


development and professional credentialing (LEED Accredited Professional, or LEED 


AP); 


2. Endorsement of the government (e.g. Department of Energy Executive Order 13423); 


3. Recognition of environmental, social and financial benefits in pursuit of LEED 


certification for building assets (Kats et al. 2003); and 


4. College education and professional training oriented to building sustainability. 


Education is important to sustain the momentum of LEED as a source of intellectual support. 


This is clearly observed in events such as a college career fair when the students approaching 


construction companies for an internship, the human resource managers tend to look at their 


resumes to see if they have qualifications such as being LEED APs. In recent years, the rise of 


perceived demands for LEED APs in construction companies‟ staffing has substantially 


impacted education in academic construction programs.  


 


At Rinker School of Building Construction, there have been special workshops catered to such 


demands to provide intensive LEED training for both graduate and undergraduate students. They 


attend these workshops mostly to prepare for the LEED accreditation exam. Such workshops are 


in addition to existing curriculum at the Rinker School, which means it is unofficial and is 


optional. However, LEED training is regarded as beneficial to the students in many ways: 


1. It helps students build appealing resumes and prepare them for a competitive job market; 


2. It exposes students to fundamental principles and knowledge in green building design and 


construction that might be applicable to their future career; 


3. Students who go through the training tend to be more resolute in their career planning, 


and demonstrate better leadership skills that are critical in their future roles as project 


managers. 


So far, hundreds of undergraduate and graduate students have gone through the training and 


successfully attained their LEED qualification. Interestingly, follow-up conversations with these 


students find out that there are some unexpected issues in regard to the LEED accreditation and 


LEED training in general. A most frequent quote goes that “LEED AP does not bring me better 


chance in job hunting then why everyone is still striving on getting it?” Another typical comment 


is “Now it is actually rarer for someone to not have LEED accredited rather than having it.”  


 


To find out answers to these questions and comments, conversations have been conducted with 


recruiters during the Rinker School‟s career fair. A typical feedback is that companies would like 


to know whether students had LEED accreditation, but they would not be significantly affected 


by it in giving out internships or making job offers. They simply did not think that students‟ 


accreditation were well matched with corresponding LEED project experience, which is the true 


qualification appreciated by construction companies. In order to add value to the LEED 


education and accreditation, it is paramount that a more practical curriculum to be developed.  


The LEED green building rating system was introduced to the  UF campus as early as 2001, 


when the university adopted LEED criteria for the design and construction of all major new 


construction and renovation projects to deliver high performance and sustainable buildings (UF 


2. BACKGROUND 







 
 


2007).  So far 19 campus buildings have achieved LEED certification, including the first LEED 


Platinum and LEED Gold certified buildings in the state of Florida. There are 26 more projects 


under way with the same goals.  


 


Along the evolution of the LEED program at UF, there have been some significant milestones: 


 In 2003, first LEED accredited professional on staff, first on University of Florida 


campus, and one of the first five in the state of Florida. 


 In 2004, in-house LEED administration. Bahar Armaghani, LEED Accredited 


Professional, took on the responsibility of LEED administration and some LEED credit 


calculations for all UF projects.   


 In 2005, it was determined that LEED certification can be obtained with no additional 


hard cost, and there was a need to take the next step. 


 On January 2006, UF renewed its commitment to sustainable construction and delivering 


greener buildings by raising the bar and making SILVER the minimum LEED 


certification level for all its new construction and major renovation projects. 


 In 2007, LEED Campus Standards were established for the whole UF main campus. 


 In 2007, LEED-EB Portfolio Pilot program was started. 


 In 2009, UF raised the minimum LEED certification level for all new construction and 


major renovation to GOLD. 


 According to the latest data for 2009 from the U.S. Green Building Council, the 


University of Florida is the highest ranked campus for LEED project registrations (UF 


2007). 


The rich culture of building sustainability and deep engagement in LEED makes UF a strong 


candidate in green building and LEED education. The Rinker School of Building Construction as 


the oldest building construction management program in the country, is hosted in Rinker Hall, 


the first LEED Gold certified building in Florida and the AIA Committee on the Environment 


Green Project for 2005. Accommodating around 500 undergraduate students and 120 graduate 


students, Rinker Hall includes a mix of classrooms, teaching labs, construction labs, faculty and 


administrative offices, and student facilities. More importantly, as a green facility, it becomes a 


dynamic teaching tool to educate students about green buildings and LEED system. 


As BIM (building information model) adoption grows in the building industry, so does the 


use of BIM in educational curricula (Rundell 2005). A major driver in this trend is the 


partnership between software vendors and academic programs, for instance, Autodesk‟s free 


licenses for educational purposes.  


Perceived benefits of integrating BIM in architecture, engineering and construction (AEC) 


curricula as identified by Rundell (2007) include: 


 Purpose-built BIM solutions such as Revit help students learn holistic building design. 


 BIM integrates conceptual design thinking with building technology, encouraging 


students to consider cost, constructability, environmental impact, and so forth. 


 BIM also helps students learn about coordination and collaboration, giving students 


valuable knowledge regarding how building elements and systems interact, which in turn 


prepares them to interact with the people designing those systems. 


3. BIM-FOR-LEED: THE COURSE CURRICULUM DESIGN 







 
 


In addition, as the climate change and environmental concerns are transforming the industry, 


college curricula have made corresponding adaptation to reflect the industrial trend. With 


powerful energy simulation and other environment-centric functionalities, BIM‟s potential in 


facilitating these adaptations is yet to be explored. Some well-known programs that have adopted 


such BIM facilitated green curricula include the Department of Architectural Engineering at 


Pennsylvania State University, School of Architecture at University of Southern California, 


School of Architecture at Georgia Institute of Technology, and the Savannah College of Art and 


Design (Rundell 2005, Rundell 2007).  


 


The comparable initiative at the Rinker School is relatively new.  Since 2007, the Rinker School 


has been experimenting with workshops to provide professional BIM training for local architects 


and contractors. As for the academic curriculum, BIM was first introduced to graduate level 


classes in Construction Information Systems and later to undergraduate prerequisite courses such 


as Graphical Communication and Print Reading. A huge momentum for sustainability oriented 


BIM integration in existing curriculum at the Rinker School came from its partnership with 


Autodesk. The joining of forces between Autodesk and the U.S. Green Building Council 


(USGBC) in November 2006 was perceived as a strong signal that BIM would be broadly 


implemented in the realm of green building and sustainable construction. This supposition was 


confirmed, as shown in Figure 1, in the results of the 2009 SmartMarket report published by 


McGraw-Hill Construction. 


 


Combining existing academic resources, the original Construction Information Systems 


(BCN6787) class was restructured to highlight the dual themes of BIM and sustainability.  The 


brand new curriculum was specially designed to accommodate the needs of addressing the 


integration of BIM and sustainability. The following paragraph subsections briefly explain the 


course curriculum design. 


 
 


Figure 1: Expected growth in BIM use on LEED projects in the U.S. (Source: McGraw-Hill 


Construction 2009).  


A BIM Wiki is useful in a classroom environment since it provides an open platform for students 


to communicate and collaborate, especially for group projects. It could also play an important 


role in knowledge management when used as an archive for course experience of students. This 


idea has been tested by existing BIM curriculum such as the one at PSU 


3.1 BIM Wiki 







 
 


(http://bim.wikispaces.com/). The wiki site at Rinker is still under construction, and currently 


opens only to faculty and students that directly engage in the Construction Information Systems 


class (Figure 2a). It is expected that in near future, the resources (Figure 2b) at this website will 


be accessible to the public.  


  
(a) (b) 


Figure 2: The Rinker School BIM wiki. 


As is common to any other curriculum in a construction management program, knowledge and 


experience are both critical for students to understand the essence of construction. Most students 


in this class had no previous exposure to BIM, which makes it necessary to teach them about the 


literature of BIM. Numerous resources have been consulted in this class, ranging from textbooks, 


industrial reports, whitepapers to live webinars and guest speakers, even training workshops 


from software vendors. Students were expected to gain a full spectrum of exposure to BIM at the 


end of the lecture series. 


 


On the other hand, experience is equally important to students. It is unrealistic to put every single 


student into actual project delivery through collaboration with local construction companies. 


However, it is possible to simulate such a process. To achieve this goal, the class was broken 


down into 10 groups and each group was supplied with the complete project documents of a 


building on campus. Students‟ tasks include: 


 Create the multi-disciplinary BIM model of the assigned project using the Revit BIM 


solution package, i.e. Revit Architecture, Revit Structure and Revit MEP; 


 Conduct constructability review using clash detection tools such as Navisworks, and 


prepare the desired review reports; 


 Perform the project planning and scheduling to create the 4-D BIM model by integrating 


the time/phasing information, using Microsoft Project or SureTrack with Navisworks; 


 Perform quantity takeoff and estimating based on the multidisciplinary BIM model, and 


conduct cost analysis of the project to finalize the model into 5-D; 


3.2 Lectures vs. Labs – Knowledge vs. Experience 
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 Perform LEED strategy and compliance analysis for the projects and optimize the 


potential for LEED certification based on functionalities provided by the Revit BIM 


solution package, such as energy simulation, daylighting design, water consumption 


analysis, etc. 


As previously discussed, the advocacy of LEED at UF brings great opportunity to this class to 


enable comprehensive integration between BIM and LEED. All the nine projects assigned in this 


class came directly from the campus building portfolio, most of which (8 out of 9) were either 


LEED certified or are in the course of pursuing the LEED certification. The Genetics and Cancer 


Research Center is divided into halves and assigned to two groups due to its complexity and 


magnitude. A brief introduction of these projects is listed in Table 1. By going through the 


modeling process, students could have the opportunity to unveil the design factors that contribute 


to the building‟s success in LEED certification. Lucky for the student is that whenever they had 


any question about the building details, they could simply visit the building and find it out in 


person, which in reality extended their understanding of LEED buildings from design to the 


construction. With access to operation and maintenance data, they could also verify the LEED 


buildings‟ actual performance against their designed performance.  


Table 1: Buildings used as term projects in the BIM-for-LEED curriculum 


Project Name Year Area (SF) LEED Certification Highlighted Features 


SW Stadium 


Expansion  


2008 31,000 new + 28,200 


renovation 


Platinum  Energy saving 35% 


 Reduced Indoor 


Water Use by 40% 


Library West 2006 60,000 new + 


117,000 renovation 


Gold  Increased insulation  


 Efficient lighting  


Steinbrenner Band 


Building 


2008 18,082 Gold  SRI 90 roof 


 100% Reclaimed 


Water for Irrigation 


Graham Center at 


Pugh Hall 


2007 45,000 Silver  Recycled content 


 Light Pollution 


Reduction 


Orthopedic 


Surgery and Sports 


Medicine Institute 


2004 120,000 Certified  Low-emitting 


materials 


 Auto-dimming 


Genetics and 


Cancer Research 


Center 


2006 286,700 Certified  Ozone protection 


Baseball Locker 


Room Facility  


2007 15,000 Certified  Water efficient 


landscaping 


Nanoscale 


Research Facility  


2007 52,000 Certified  Regional materials 


 Ozone protection 


Gerson Hall*  2004 33,000 N/A N/A 


*Gerson Hall was selected as a substitute for another LEED building for which project 


documents were not available. 


 


3.3 LEED Projects  







 
 


The trial for the brand new BIM-for-LEED curriculum spanned 13 weeks of the spring semester 


in the academic year of 2010. A total of 42 students were registered. The curriculum consisted of 


two major parts.  Part I of lectures and labs were intensive in this curriculum in terms of the 


volume of knowledge reviewed and the modeling software solutions taught. Students were 


required to learn the Revit BIM solution package, i.e. Revit Architecture, Revit Structure and 


Revit MEP, as well as other BIM analyzing tools including Navisworks, EcoTect and Green 


Building Studio. Skills in other construction related software such as Microsoft Project or 


SureTrack were also desirable and were briefly introduced in the course. To reveal the cutting 


edge application of BIM in sustainability, guest lecturers from Autodesk and industry were 


invited into the classroom.  


 


For Part II, students were broken down into 10 groups for the term project. Group membership 


was assigned using a rating of each member based on their undergraduate degree (construction, 


architecture, engineering, business); previous classes in BIM; and construction/design 


experience. Projects were assigned their complexity with the sophistication of the group 


members Each member in a project group was assigned with specific a role in the modeling 


process while same time needed communicating and collaborating with other members as a 


project team to come up with a complete project delivery package. The format and contents of 


the final project package were strictly predefined by the course instructors.  


 


The term project was the most challenging part in this curriculum and took the students about 8 


weeks to work on for a proportion of the real project scope. It is understandable that most of 


teams could not possibly finish all disciplines of the building model, but some of the groups 


simply went beyond expectation, which will be discussed further. Along the course of the term 


project, students were required to give periodic presentations about the progress of their work, 


the milestones achieved, difficulties encountered and solutions attained. At the end of the 


semester, all groups were required to prepare a comprehensive project summary presentation in a 


professional manner.  


As emphasized previously, LEED is a key constituent of this curriculum. As a matter of fact, 


most students in this class were LEED APs. They had strong background knowledge about 


LEED but did not necessarily understand what a role of BIM could play in LEED projects. One 


of the major goals they intended to score in this class was to find out how BIM could facilitate 


LEED certification, and what could be different for these existing LEED buildings if BIM was 


implemented in the first place. 


 


The Autodesk Sustainable Design Curriculum 2010 (Autodesk 2010) was used as reference. 


Important modules in this curriculum including conceptual solar and daylighting design, open 


view analysis, energy simulation and water consumption analysis were all directly or indirectly 


applicable to LEED.  


 


The rationale behind the integration of BIM and LEED is illustrated in Figure 3. The rule of 


thumb is the match-up attained between certification requirements of the LEED rating system, 


4. BIM-FOR-LEED: THE COURSE OUTCOME 


4.1 The Essence of LEED in the Curriculum 







 
 


and the functionalities requirements of the BIM solutions. In the classroom setting, students were 


encouraged to conduct the match-up analysis for the project assigned to get a taste of strategizing 


LEED for the certification purpose, following the workflow depicted in Figure 4. The actual 


scorecard of these LEED buildings were available for references, which students used to evaluate 


the gaps between their idealized LEED strategies and the actual design approaches adopted in 


these buildings.  


 


 
Figure 3: Generic rationale of BIM and LEED integration. 


 
Figure 4: BIM and LEED integration process. 


The leap from generic building information modeling (modeling for fun) to project specific 


modeling (serious modeling) is substantial. The key is dedication to details, and the patience in 


repetitive working process. Some highly motivated individuals in this class demonstrated high 


quality of modeling skills and more importantly, deep understanding of the integration between 


BIM and sustainability. The following present some highlights of the students‟ work. 


•Compliance: maintain 
50% or 75% of existing 
walls, floors and roof
•Certification: Phase 
based quantiaty takeoff 
and LEED online 
template


LEED credit analysis, 
e.g. MRc1.1: Building 
Reuse


•Parametric modeling


•Schedules/Quantities


•Material properties


•Phasing


Base BIM 
functionalities


•ODBC support of 
QTO import/export


•Built-in LEED 
online template 
through Revit API


Extended 
functionalities


•A/E designate reused 
building areas and 
attach with phasing


•Contractors track 
demolition process 
and prepare LEED 
documentation


Project control


4.2 Selected Student Projects 







 
 


4.2.1 SW Stadium Expansion Project 


The SW Stadium Expansion project is the first LEED Platinum project in the state of Florida. 


Major sustainable features of this project include: 


 Green Roof on Weight Room 


 Reduced Indoor Water Use by 40% 


 100% Reclaimed Water for Irrigation 


 Dual-Flush Toilets & Other Low-Flow Fixtures 


 8 out of 10 Points for Energy Cost Savings over ASHRAE 90.1 


 


Reflected in design, special care is needed in the landscaping, roof structure, plumbing system, 


efficient lighting, as well as Energy Management System (EMS) application in the HVAC 


system. Figure 5 is a rendered image created by students. As is shown, the irregular building 


shapes and the change of building elevations created substantial difficulty in the modeling 


process. In contrast, students enjoyed the exterior glazing design part, which was quite 


straightforward to model, and which made it relatively easy to achieve a satisfactory outcome. 


Figure 6 is a snapshot of the rendering of the exterior glazing. 


 


 
Figure 5: Rendering for SW Stadium Expansion (Image courtesy by Rhodes et al). 


 


 
Figure 6: Exterior glazing rendering for SW Stadium Expansion (Image courtesy by Rhodes et 


al). 







 
 


4.2.2 Genetics and Cancer Research Center 


The Genetics and Cancer Research Center is a mega project of dual buildings (Figure 7) with a 


gross floor area of 286,700 sf. To better describe the magnitude and complexity of this building, 


some quick facts are listed below: 


 19,100 CY of concrete was installed for the building structure. Total weight of poured 


concrete was in excess of 77,000,000 lbs. 


 The cast in place concrete contained over 3,800,000 lbs of reinforcing steel, which is 


100% recycled material. 


 Approximately 700,000 feet of wiring was used throughout the building. 


 Over 1.2 million man hours were spent to build this building. 


 
Figure 7. Aerial image of Genetics and Cancer Research Center (Image courtesy of Facility 


Planning and Construction, University of Florida). 


 


To avoid overwhelming the students, this project was split between two groups, each with one of 


the dual buildings. Both groups demonstrated strong commitment to the level of details desired 


in this project. Figure 8a and Figure 8b are renderings from the two groups respectively.  


(a) Group 1 Rendering   (b) Group 2 Rendering 


Figure 8. Renderings for Genetics and Cancer Research Center buildings. 







 
 


4.2.3 Summary 


The final presentation of students‟ project was quite a success. Students shared their experience, 


excitement and frustration in this class. As required by the course instructors, each group kept a 


project log that recorded the learning process. Recommendations were also given by students to 


improve the curriculum in general. But most importantly, the students had consensus on these 


aspects: 


 The modeling process forced them to revisit the LEED system and it turned out after this 


process, they became much more confident in their knowledge about LEED and 


sustainability; 


 BIM seemed to be a natural fit for the LEED system considering the myriad 


functionalities built in current BIM solutions; 


 Implementing BIM in LEED projects could vary significantly, heavily depending on the 


LEED strategy adopted by the project team; 


 The BIM and LEED integration was not accomplished yet. Future development of more 


rigorous BIM functionalities is critical to reinforce this integration.  


This paper presented an experimental curriculum that adopted a brand new approach to LEED 


education through integration of BIM. The course design process was delineated, and the course 


outcome was analyzed. 


 


Although this BIM and sustainability integration in this curriculum proved to be beneficial to 


students as acknowledged by them, there were some drawbacks in the approach used. A major 


issue identified by the students was the volume of work. It seemed that the overall course goal 


was too big. Put another way, students became fatigued to learn so many pieces of different 


software in a single class within such a short period of time. Another contributing factor to this 


problem was the complexity and scope of the selected projects. Actual LEED projects were used, 


but the time allocated for the projects might have been too short considering that over 50% of 


these students were considered to have no or little BIM or 2D design software experience at the 


beginning of the class. 


 


Project set up also needed a better configuration. The purpose of assigning roles to group 


members was to simulate a more realistic project delivery process. But it turned out that students 


complained a lot about such an arrangement since they were so much tied to their specific roles 


and lost the opportunities to get familiar with other disciplines.  


 


Collaboration among the groups could be better if the BIM wiki was fully developed. The wiki 


site at the time was limited in both functionalities and flexibility to accommodate the needs of 


BIM facilitated LEED projects. All these feedbacks are expected to be incorporated into future 


improvement of this curriculum. 
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Abstract 
Cast-in-Place Reinforced Concrete is a very common construction method in the Mexican con-
struction industry. Formwork is a process that in general lacks standards for design, construction 
and use. In the majority of the projects, it is the general contractor’s responsibility to identify 
means and methods to design and fabricate the formwork.  This is a highly labor intensive process 
for which quality is difficult to control leading to undesirable aesthetic and performance results in 
the final cast-in-place concrete product.  
The use Building Information Modeling tools in the construction industry have increased world-
wide in the last years. The 3D object-oriented and parametric characteristics of these tools allow 
designers and builders to explore several alternatives resulting in more creative designs as well 
as cost efficient and constructible solutions. Because of BIM tools capabilities to create 3D visua-
lizations, rich information data base, quantification capabilities and interoperability with schedul-
ing, cost estimating and computer oriented automated fabrication methods, general contractors 
and subcontractors are finding the use of these tools of great help in the design, planning and 
control their production processes. 
One of the key elements in the effective utilization of BIM tools is the development of a BIM Ex-
ecution Plan in which the expectations and uses of the model are clearly identified and properly 
defined. This plan also defines roles and responsibilities of the BIM collaborators and establishes 
the workflow mapping all the steps of the process. 
 This paper, presents a preliminary approach to establish formal requirements for the use of BIM 
tools in the design, construction planning and control of job-built plywood formwork for cast-in-
place reinforced concrete in the Mexican industry. Information about the contractor needs has 
been collected from ply-wood and other material suppliers, local design and construction specifi-
cations and codes, as well as from direct need assessment from six regional contractors in the Yu-
catan Peninsula, Mexico. The paper proposes specific uses of the model, object properties and 
attributes and proposes workflow maps for effective process implementation.   
Keywords 
Building Information Modelling, Formwork Design and Construction, BIM and Formwrok 
Design and Construction Planning, 


 







 
 
1. INTRODUCTION 
This paper presents a preliminary review of the current management practices for the use of 
wood formwork for Cast-In-Place (CIP) reinforced concrete in the Mexican construction in-
dustry. The research involved a focus group and a workshop involving managers of six local 
construction firms in the Mexican southeast region having extensive experience in this area 
and who also are aware of Building Information Modeling (BIM) and have a positive outlook 
about its potential benefits in the CIP industry. As a result of these interviews it was possible 
to assess the current situation and to propose the use of Building Information Modeling 
(BIM) as a tool to improve existing practices.  
The group analyzed current practices through the different stages of formwork lifecycle from 
the design until material disposal. All the different actors who typically participate in this 
process, their corresponding technical/administrative actions as well as the impacts of these 
actions were identified. This analysis also included discussions on the potential benefits of 
BIM tools used along the process. The group reviewed the results of a recently conducted 
survey indicating that 76% of the respondents consider that the use of BIM has a potential 
positive impact in the industry (Suermann, et al., 2007).  The group also reviewed specific 
studies indicating that implementation of BIM tools could allow designers and builders in-
volved in cast-in-place (CIP) construction to build product models at the early design stages 
facilitating constructability reviews and promoting better lifecycle construction planning, ex-
ecution and maintenance (Barak et al. 2009). Finally, the group participated in the develop-
ment of process flow diagrams in which actors, objectives, tasks, responsibilities and se-
quences of execution were explicitly identified. 
 
 2. CURRENT SITUATION 
Casting concrete in place involves laying/erecting steel reinforcing bars, setting the formwork 
in place, pouring and vibrating the concrete.  Once poured, the concrete cures for a length of 
time that depends on the type of concrete that is used and on the selected curing methods.  
The formwork is then removed/ stripped so the solidified concrete element is produced in its 
final form.  Studies conducted on small structures produced in a repetitive fashion show that 
all the tasks that are necessary to prepare for the pouring of concrete use 57% of the total 
worker hours involved in the production of CIP element. These tasks are supplementary to 
the main production process and do not reflect value added to the project (Corona et al. 
2000). Placing the concrete only requires about 10% of the total labor. All together these 
tasks use 67% of total labor. A significant part of the supplementary/preparatory work is ded-
icated to formwork implying that improved efficiency in these tasks may lead to cost reduc-
tion and value added from labor work. This observation was used to further analyze potential 
contributions of BIM technology to improvements in the overall process 
 
2.1 DESIGN 
Formwork design in the Mexican construction industry is typically an activity that is based on 
previous experience the sub-contractor’s field personnel and skilled labor force. It involves 
trial and error and is not a procedure formally documented. Optimized cost considerations are 
not necessary part of this decision-making process. Solutions used in the past by field staff 
are typically repeated regardless of the unique conditions that can be found in new projects. 
For example, in the case of a concrete beam with a 0.30 x 0.50 m cross section, a typical 
spacing for the support of the formwork bottom flange is 0.50 m. This rule of thumb, gener-







ated from personal past experience, may be used again under new construction conditions 
regardless of potential variations in the construction loading that may be encountered in a 
new project. Sometimes, spacing adjustments made based on personal judgment may even-
tually lead to partial of complete structural failure of the formwork. These decisions do not 
necessarily explicitly take into account the structural characteristics and behavior of the ma-
terial being used and in many cases ignores design guidelines as prescribed by ACI 347. 
 
2.2. COST ESTIMATES 
Cost estimators typically use historical unit price databases applied to typical formwork as-
semblies that do not necessary reflect the actual formwork and construction methods used by 
the field personnel. Therefore the quantities of materials and labor involved are approximate 
at best leading to variations between the estimates and the actual costs. Assumptions are typi-
cally made on the number of uses for the formwork, for example, it can be assumed the 
formwork will have 6 uses when in fact it may have only 3 uses. These variations between 
estimates and actual costs may be of significant economic impact since the cost of formwork 
may range between 40% to 60% of the total cost of a concrete structure (Hurd 1995). 
 
2.3. PROCUREMENT 
In general, the amounts of material to build the formwork (plywood, lumber, nails, wire, pins 
and locks, oil, etc.) that are ordered for the site are not necessarily accurate to the specific 
needs of the project. Field engineers typically do not necessarily prepare material lists either 
because it is not part of their job description, do not have the detailed knowledge or do not 
have reliable detail in the costs estimates prepared by estimators. They order material based 
on quantities requested by the superintendent or the crew foreman who on the other hand use 
mostly their past experience and not scientific/accurate methods for this task. Unfortunately, 
this is an unacceptable but common practice that may lead to unnecessary waste or material 
shortages producing delays once the work has started. The information provided by the cost 
estimators is not necessarily reliable to control the handling of these materials on site. These 
practices also contribute to variations between cost estimates and actual costs. 
 
2.4. FABRICATION 
This type of formwork is typically job-built. Pine wood is commonly used for framing and 
plywood is used to support face concrete. The methods typically used for this formwork con-
struction do not require the use of sophisticated tools. Workbenches are installed on site to 
prepare assemblies but these do not necessarily built to high safety standards and industrial 
tools. Steel nails 2-1/2” and 4” long are typically used to fasten the assemblies. These nails 
are common in the market, inexpensive and relatively easy to supply. However its use lead to 
undesirable wood splitting, affecting its re-use and are represent a safety risk for the workers. 
Studies have led to recommendations to discontinue it use (Lee 2009). These are not neces-
sarily followed in the jobs.  
 
2.5 STRIP FORMWORK 
Must of formwork fabrication practices are not standardized leading to ad-hoc practices for 
stripping formwork that do not necessarily promote careful dismantling for further reuse but 
rather to techniques that favor the convenience of the worker and do not support proper su-
pervision of these tasks. As a result, the damage suffered by the materials maybe significant 
which reduces its potential for further use. Use of nails to assemble the formwork also makes 
difficult to extract them without damaging the material 







3. PROPOSED IMPROVEMENTS 
The analysis of current practices held with the representatives of the six firms who partici-
pated in this research together with the review studies which have been conducted in the use 
of BIM related to its use in CIP industry, led to identification of three stages of the design-
construction process in which BIM tools and BIM-based processes could be implemented. It 
was also noted that in addition to the problems observed in current practices there was a need 
for training and education of the labor force and for a better integration of the different roles 
and functions provided by all participants in the process. The three stages targeted for BIM 
process implementation were: design and construction planning, materials procurement and 
construction.  
 
3.1. DESIGN AND CONSTRUTION PLANNING 
In the design and construction planning the role of the BIM modeler is proposed. This is pri-
marily a technical role that combines engineering and modeling skills and knowledge. The 
modeler becomes responsible, among other things, for formwork design to house the rein-
forcing steel and provide support to the concrete being poured before it cures and hardens. At 
the same time it was recommended to create a collaborative project team to complement the 
work of the BIM modeler. The team should include the project manager, field engineer, the 
job superintendent, the cost estimator and the subcontractor. The design should follow design 
codes and standard design practices. The cost estimator uses the BIM model to extract quanti-
ties of work, prepare  more accurate cost estimates and review the economic feasibility of the 
design. The project manager, field engineer and job superintendent review the constructabili-
ty of the design through all the steps involved in the fabrication, erection, and removal of the 
formwork. The design should follow recommendations proposed by Robinson (Robinson 
2007) using applications based on .NET and the use of API programming supported by the 
3D Object Oriented Parametric software used to develop BIM models (Revit 2011). The BIM 
model of the CIP structural elements is then used to support the design functions for the 
formwork according to local design codes and approved construction practices.  
As the design is completed with the support of the BIM model, the procurement department 
uses bill of material to determine purchasing volume and obtain more accurate prices and de-
livery times from the market. The BIM model can also be used for 3D visualization and to 
better communicate the design intent to the fabricator and to perform clash analysis and con-
struction trade and material coordination. The information storage capabilities of the BIM 
model provide long-term memory of the design to the firm which in turn can be used for im-
proved future cost estimating as well as for future training and education of the labor force.   
Figure 1 below shows a flow diagram in which participant interaction is mapped out through 
time during the design and construction planning stage. This stage, should confirm conclu-
sions reached   from previous research (Li et al. 2008) which indicate that 3D virtual models 
promote effective communication among the project owner, designer and builder. It also in-
corporates their findings  indicating a more effective change management and design integri-
ty based on the parametric characteristics and object orientation of the BIM software These 
improvements accrue to the process regardless of the type of construction whether it is public 
or private. 







 
Figure 1.- Design and Construction Planning stage 


 
3.2 PROCUREMENT 
The BIM model becomes a tangible deliverable of the design and construction planning 
stage, as such all quantities directly extracted from the model can be used to prepare bill of 
materials and purchase orders. It is important to note that this process provides a more relia-
ble source of information for the field engineer eliminating the questionable practice of hav-
ing to depend on the information furnished by the job superintendent as the sole source of 
information in this regard.  
The field engineer first reviews this information as it becomes available and then transmitting 
it to the firm’s purchasing department who in turn prepares the purchasing orders to be sent to 
the specific suppliers. 
This part of the process is not too different from current practices, the main difference, in this 
case, is that the information is obtained earlier and is more reliable and accurate. The flow 
diagram shown in Figure 2 can be considered as a "happy path" implying that no problems 
are anticipated and all steps of the process are executed as expected. Further research is ne-
cessary in this area to confirm these expectations and to discover potential deviations that are 
not foreseen at the moment.  


 
Figure 2.- Procurement stage 


 







3.3 CONSTRUCTION 
The field engineer or the project manager furnishes construction specifications to the form-
work subcontractor who in turns prepares a material delivery schedule that will guarantee and 
support the continuity of the production process. This information is also used to plan for site 
storage according to its capacity and the size of the site. Figure 3 shows the flow diagram at 
this stage in which all participants and their corresponding interactions and collaboration 
needs are identified. Again, it is expected that the improved procedures based on 3D visuali-
zations of the virtual model will promote better communication and understanding of the 
scope of the final product and its intermediate stages, which has pointed out before by pre-
vious studies conducted in this field (Li 2008).  


 
Figure 3 . Formwork Fabrication stage 


 
4. CONCLUSIONS 
It is understood that the introduction of BIM technology as proposed in this study requires an 
investment in software license, training and system support. However, the economic and non-
economic benefits derived from these proposed improvements are expected to outweigh the 
costs and making it attractive. 
It is still necessary to collect more specific and in-depth information about the functional re-
quirements for different types of formwork used in the Mexican construction industry. This 
may lead to an increase in the use of pre-fabricated formwork which by the way it has been 
observed that with the use of BIM models pre-fabrication of building components are becom-
ing a common trend in the industry. More modularization and standardization are also ex-
pected to increase in the design and fabrication procedures of formwork in the CIP industry, 
thus making the entire process more cost effective. 
It is important to start the process of investing in BIM technology and its implementation as 
suggested in the approach proposed in this paper. In this way, virtual models specific to the 
Mexican CIP industry can be developed and tested in the context of BIM project teams. The 
emergence of the BIM modeler as a designer is just a natural outgrowth of this technology in 
which the software takes the role of creator of coordinated design documentation and 3D vi-
sualization tool enabling more effective communications among the members of the project 
team. Educational and training programs at vocational schools and universities will be also 
playing an important role in accelerating this change. 







The approach herein proposed is primarily based on the opinion and vision of the six firms 
who were part of this study. They seem interested enough to invest in this field and willing to 
further promote a more in-depth future study  
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Abstract 
 


To address the surging demand for Building Information Modeling (BIM) and Virtual Design 
Construction Managers (VDCM) throughout the National Capital Region, George Mason 
University initiated a new BIM course that is a synthesis of traditional CAD and GIS, combined 
with project design. The students formed into interdisciplinary “quasi” Integrated Project 
Delivery teams, used a variety of tools and methods to include Google Earth, Google Sketch Up, 
Autodesk Revit, and the US Army Corp of Engineers COBIE and Pennsylvania State BIM 
Project Execution Planning templates to work through a full BIM planning, design, and 
submission cycle. 
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1. INTRODUCTION 
 


To address the surging demand for Building Information Modeling (BIM) and Virtual Design 
Construction Managers (VDCM) throughout the National Capital Region, George Mason 
University initiated a new BIM course that is a synthesis of the traditional CAD and GIS 
courses, combined with project design. The students formed into interdisciplinary “quasi” 
Integrated Project Delivery teams, used a variety of tools and methods to include Google 
Earth, Google Sketch Up, Autodesk Revit, and the US Army Corp of Engineers COBIE and 
Pennsylvania State BIM Project Execution Planning templates to work through a full BIM 
planning, design, and submission cycle.  Students were taught about integrated site design, 
space and massing, federal and industry physical security design and design basis threat, 
energy modeling, and LEED. Because both the federal government and industry are 
embracing BIM, students were also taught about the legislation, policy, and implementation 
challenges of BIM. Guest lecturers from government and industry discussed BIM Roadmaps, 
team composition, project management, integrated project delivery, contracting, and 
construction delivery methods. The capstone of the course was the student team presentation 
of their Team BIM Project and Lessons Learned. The students found the Google software to 
have a medium learning curve, and the Autodesk Revit software a steep learning curve, but 
once mastered, the software dramaticlly accelerated project design. The students also thought 
the new skills combined with the knowledge of industry and market drivers, and insights into 
BIM roadmaps, would make them more vaulable in the workforce. 
 


2. INDUSTRY NEED FOR BIM AND VDCM SKILLS 
 


Although Computer-Aided-Design (CAD), Geospatial Information Systems (GIS) and 
Building Information Modeling (BIM) software has been used for many years in the design 
and construction industry, the current generation BIM techologies are disruptive and 
dramaticlly impacting the way buildings are planned, designed, delivered, operated and 
maintained. The traditional Architect-Engineer-Construction-Operations & Maintance 
(AECOM) community is undergoing a major transformation; an industry born of the guilds 
and trades and notorious for inefficiency and lack of a data interoperability is trying to figure 
out how to tame the BIM technology tiger. Two or three years ago, the industry did not have 
BIM Manager or Virtual Design Construction Manager labor categories; now there is an 
exponential growth demand curve for engineers at all levels with BIM, CAD, GIS and 
project management skills who have the ability to deliver projects on time, on budget, and of 
the highest quality.  
 


2.1 George Mason University Civil, Environmental, Infrastructure Engineering 
Department and Industry Demand Driven Curriculum 
 


The Geroge Mason University Civil, Environmental, Infrastructre Engineering (CEIE) 
Department has grown from 73 students in 2001 to over 375 students in 2010. The growth is 
directly attributable to the strong federal presence, strong economic strength of local 
governments, and the private sector demand for technical services profesionals. While 
offering the traditional engineering curriculum, the CEIE Department is able to draw on a 
cadre of Adjunct Faculty who can quickly develop courses to provide the new skills sets 
required by the market. The CEIE 680 BIM course is an example of a course that is a 
synthesis of traditional CAD, BIM, GIS, and combined with Integrated Pproject Design 
(IPD), that is beginning to supply the demand for BIM and Virtual Design Construction 
Managers, IT-savy engineers with multidisciplinary skills, and with the speciality knowledge 







to understand and interept the challenging federal physical security, IT security, and 
sustainability requirements for federal and commercial facilities.   
 


3. LEGISLATION, POLICY, STANDARDS AND GUIDES, MARKET DRIVERS 
 


To expose students to the broad topic areas, guest lecturers from government and industry 
discussed legislation, policy, standards and guides, and market drivers. 
 


3.1 Legislation, Policy, Standards and Guides 
 


Federal legislation, Executive Orders, Standards and Guides provide a framework for the use 
of BIM across government and industry. During the course, speakers discussed legislation, 
policy, standards and guides, and how BIM is being implemented in government and indus-
try. 


 


                                 


                                
Figure 1 – Legislation, Policy, Standards, and Guides 


   


3.2 Market Drivers 
 


Legislation and policy can be broadly reflected in market and industry drivers; in the case of 
BIM, the federal government began to require projects to be delivered in BIM and began to 
develop BIM roadmaps and issue Solicitations For Offer and Requests For Proposals with 
BIM as a requirement. The General Services Administration BIM Guides and the US Army 
Corps of Engineers BIM Roadmaps and the industry use of Design-Build began the accelera-
tion and adoption of BIM by the AECOM community. Many federal agencies are using BIM 
as part of the strategic capital facility investment plan, Master Plans, Space Plans, and Facil-
ity Operations and Maintenance Plans. The US Army Corps of Engineers MILCON Trans-
formation initiative, the requirement for BIM reflected in the contracting Attachment F,  
Construction Operations Building Information Exchange (COBIE), and Army RFP’s with 
BIM language are pushing the industry to use the software and develop the legal and profes-
sional framework to utilize BIM to its full potential.  







                         
Figure 2 – USACE RFP Guide, COBIE, Attachment F, and BRAC 133 RFP with 


BIM 
 


The federal government mandates to use BIM were initially partially driven by the need 
to bring a more efficient process for the delivery of facilities and obtain the highest qual-
ity facility and the best cost.  The AECOM community, in turn began to realize the life-
cycle of facility data and the reduction in waste that BIM could offer. A study by Trane1 
found that there was no single benefit of BIM that seemed to dominate, but rather a com-
bination of several benefits such as clash detection, customer visualization, increased ac-
curacy, and faster trades coordination. Likewise, the 2008 SmartMarket Report2 found 
that the top benefits of BIM were eeasier coordination of different software and project 
personnel, improved productivity, improved communication, and improved quality con-
trol. 
 


                  


                        
Figure 3 – buildingSmartAlliance, Trane and SmartMarket Reports 


 


Executive Order 13514 Federal Leadership in Energy, Environment and Economic Sustain-
ability, issued in October 2009, has 10 goals which include High-Performance Green Build-
ings, and enhanced local and regional planning, which in turn has established new markets 
and services that are BIM, GIS and O&M centric. 
The AECOM and software industries are now moving to 6D BIM that integrates the complete 
building life-cycle data, sometimes referred to as Facility Information Models (FIM). As BIM 
moves from 3D to 4D, to 5D, and now to 6D, the next generation engineers are using and 
creating tools and business processes that take the traditional linear facility delivery model 
and turning it into a parallel and multi-dimensional delivery process where Request For In-







formation, Change Orders, building system component clashes, and potential litigation issues 
are resolved in real time around the table and by video call with smart boards. Students now 
need to learn not just the technical use of the tools, but also topics such as Integrated Project 
Delivery, BIM Roadmaps, team composition, project management, acquistion and 
contracting, and construction delivery methods.  
 


4. IPD+GE+GIS+CAD+BIM+LEED = NEXT GENERATION ENGINEER SKILL SET 
 


The changing business processes, tools, and technologies are resulting in transformation 
across government and industry. Those organizations that embrace change and  plan for 
change are those that are able to adopt and react to both disruptive, as well as evolutionary 
technologies. In the CEIE 680 BIM course, students formed into “quasi” Integrated Project 
Delivery teams, used a variety of tools and methods to include Google Earth, Google Sketch 
Up, Autodesk Revit, COBie and BIM Execution Planning templates to work through a full 
BIM planning, design, and submission cycle; simulating as closely as possible the emerging 
work enviornment.   
 


4.1 Integrated Project Delivery Teams 
 


As the AECOM industry continues the evolution from Design-Bid-Build, Design-Build, CM 
At Risk, and other delivery methods to newer forms such as Integrated Project Delivery, the 
course curriculums must change to incorporate learning objectives to meet the needs of the 
industry. IPD concepts and terminology was one of the first units taught early in the semester, 
based on the California IPD, Autodesk IPD with BIM, ConsensusDocs, AIA, and other in-
dustry standards and best practice. Creating a true IPD in an academic environment is chal-
lenging as the students do not have the multiple disciplines or skill sets required; the students 
formed into “quasi” IPD teams to replicate the functions and concept as closely as possible. 
 


                             
Figure 4 – Autodesk IPD and ConsensusDocs BIM Addendum 


 


At the beginning of the spring 2010 semester, the class was polled to see how many students 
had worked with Google Earth, Google Sketch Up, CAD, BIM, and LEED applications or 
been involved with IPD. Of the 25 students, less than 5 could claim experience or knowledge 
of those application or IPD; by the end of the semester every student had become proficient 
with the applications, and for the students also completing their senior design project, had 
embraced the tools and use of the “quasi” IPD to set a new standard for senior presentations. 
Using the IPD framework, the students formed into 5 teams with 5 members each. The stu-
dents were ready to embark on the first step, use of Google Earth and Google Sketch Up to 
create a georeferenced model of the new GMU Engineering Building. 
 
 


4.2 Google Earth and Google Sketch Up Georeferenced Model 
 







The students were given a scanned jpg of the new GMU Engineering Building floor plan and 
required to model the building, roads, and grounds in Google Sketch Up, and place the model 
back into Google Earth properly georeferenced. 
 


                   
Figure 5 - Team Shalaby and Team Patriots SketchUp Model in Google Earth 


 


Many of the students were also seniors taking Senior Design; having used Google Sketch Up 
for the BIM course, they quickly adopted the tool to use for the design project and created 
models and full fly-throughs which were used in the design presentations and have set a new 
bar for the next senior design class to meet. Having gained some basic understanding of 3D 
modelling, space, massing, and georeferencing, the students were ready to tackle the next 
challenge, the BIM Project Execution Plan. 
 


4.3 BIM Project Execution Planning Procedure 
 


The student teams were provided the Pennsylvania State BIM Project Execution Planning 
templates3 and each team created a project plan. Even though it was stressed multiple times 
for the teams to consider workflow and use of central file and worksets, the practical implica-
tions and potential flaws in the plans and how students might use university computing re-
sources, Google Docs, Glove Box, Share Point, and other alternative file sharing schema was 
not fully appreciated until each team experienced multiple failures and learning by trial and 
error resulted in the BIM Project Execution Plan being a living document. 
 


                            
Figure 6 – BIM Template and Team Patriots BIM Project Execution Plan 


 


For an academic exercise, the project planning templates are fairly complex and most stu-
dents did not have the IT, industry, or BIM experience to be able to fully complete the tem-
plates. However, the students did appreciate the use of the template to keep track of the vari-
ous methods used before success with the IT systems was achieved. 
 
 


4.4 Team Project 
 







The team project presentation of their BIM and Lessons Learned was the capstone of the 
course.  For the Team Project, each of the student IPD Teams had to model the recently com-
pleted Long and Kimmy Nguyen Engineering Building on the GMU Fairfax campus. The 
teams were provided the GMU campus topographical data in CAD format, and allowed to 
use any combination of computing resources available to create the BIM and presentation. 
Each team had to present the team BIM, with each team member speaking for at least two 
minutes.  The team presentation had at a minimum to include the following BIM features: 
 


• Topo and building pad 
• Exterior  (3 curtain wall options) 
• Interior walls, doors, windows 
• Stairs, railings, elevators (one of each) 
• Dimensions and Tags (external, internal) 
• Views and Sheets (north-south, east wall section, develop and use team sheet) 
• Schedules and Details (door, room, foundation, wall, roof) 
• Rendering and Walkthrough 
• Time – 25 minutes, 5 minutes Q&A 


 


As each course unit was taught, the students began to incorprate the technical skills using 
Autodesk Revit 2010 with the design requirments. All of the teams complted the assignment, 
and exceeded the minimum requirements. Once students began to fully use the software, they 
quickly began to enhance the model to include placing furniture and landscape features, 
energy and LEED analysis, and multiple renderings.  
 


              


                            


                                
Figure 7 –Revit Team Project Topographical, Elevation, Space and Structure Standard 


Sheet and Lobby Rendering 







The student teams took different approaches to setting up the IT environment and splitting 
the “quasi” IPS project work assignments. During class sessions, when one student figured 
out a problem, often they would go to the board and share the solution with the other 
students. Some of the Lessons Learned were: 
 


• Team members should regularly update the BIM Project ExecutionPlan 
• Teams should decide on use of work sets and central file setup before starting the 


project 
• School desktop computers are wiped clean every night, resulting in loss of data and 


links that have to be recreated on each log in 
• School desktops although running 64-bit and 4 megs of RAM, took several hours to 


process one rendering;  teams would commadeer multiple computer labs and run 
several rendersings at once and students took turns manning the computers while 
others attended class 


• Use of the school networks to share a central file was not allowed by school IT 
policy, a networked computer lab with a server that remains in place for the semester 
(i.e., no daily wipes) is needed 


• Use of alternate file sharing applications such as Google Docs and Glove Box don’t 
recognize Revit extensions and can’t synchronize a central file, while Share Point and 
Grove stored and allowed access back to file, but could not act as a network central 
file 


• Changes in workflow and team assignments are as important as production of the 
actual BIM 


• The initial Revit learning curve is steep, but once the teams began to build on each 
subsequent step, the speed and accuracy accelerated; each team “started over” more 
than once from the topographical map and building pad 


• Just like CAD, Undo is still the most used feature 
 


The students were asked to rate the course difficulty and level of hours required against other 
senior and graduate courses. The course was rated as difficult and taking more hours to 
complete than other courses, and on par with the senior design project.  However, the 
students also expressed high satisfaction with the exposure to the full suite of tools, IPD, and 
understanding of the market drivers that would likely give them a skill set and resume that 
would stand out in comparison to their peers.  
 


5. CONCLUSION 
 


The George Mason University CEIE 680 BIM Course was developed to provide the industry 
and market desired skills for engineers with the education and training to provide state of the 
practice professional services.  These skills include BIM, CAD, GIS, and IPD, augmented 
with the understanding of the legislation, policy, standards and guides that are rapidly being 
developed as a result of the BIM impacts in the marketplace. Students felt the course pro-
vided a new skill set that would be of value in the workforce. 
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Abstract 
Energy simulation tools have become acceptable means of predicting building performance 
within the major sets of standards and rating systems concerning sustainable design. Building 
Information Technology (BIT) is expected to further smooth the process and increase the 
design iteration speed in order to ensure higher building performance. However, current 
technology has demonstrated that there are still existing problems in this process. This paper 
focuses on current research in this area and discusses some crucial aspects of the feedback 
loops between BIM and energy simulation tools. It also proposes a potential path to resolve 
this issue although further research is necessary. 
Keywords 
Analytical Building Information Modeling, Energy Simulation, Information Feedback Loop, 
Building Information Technology. 


 
1. INTRODUCTION 
There are many benefits from using building information technology. For example, the technology 
enables the design team to detect conflicts and conduct 3D/4D/5D simulations prior to construction 
and provide real time project management. This helps reduce design errors and lessens the number of 
required change orders. These reductions help save time and money in the field. Yet, building 
information technology also alters the traditional team work structure and methods of collaboration 
needed for a project to run smoothly.  
One of the anticipated benefits of using BIM is the ability to utilize the information enriched 
environment in order to impact expected performance of buildings by providing previously 
inaccessible information regarding predicted building performance at varying stages of the design 
process.(Krygiel & Nies 2008, pp.178-204; Eastman et al. 2008, pp.18; 149-206) Currently, several 
standards and rating systems have been established as guidelines to dictate acceptable performance 
levels of buildings all over the world, such as ASHRAE 90.1, LEED, and BREEAM. Among these 
evaluation standards and rating systems, some mandatory while others voluntary, energy efficiency 
is consistently a "must-have” item on the performance check list. As a result, the use and 
development of energy simulation tools has risen to be of the utmost importance as a means to 
validate the expected performance of a design. However, currently there exists a disconnection 
between the informational derivative potential of BIM and current practices in energy performance 
simulation. Traditionally, a virtual energy simulation model is created separately to validate the 
performance of a design. Ideally, with the advent of BIM technology, a building information model 
would not only be able to store information but also to utilize the information for various analyses 
inside or outside of a model – analytical BIM. Hence, building performance validation should be 
seamlessly facilitated by the BIM process by non-obstacle communication between the design model 







and the energy simulation tool. Yet, due to the limited interoperability between BIM and current 
energy simulation tools, this process still requires repeated manual input of information. In seeking 
out solutions, this research first presents current interoperability levels between various BIM 
authoring tools and energy simulation tools. It also explores the design workflow and attempts to 
define levels of sophistication and detail required by the various stakeholders involved in the design 
performance validation process. By exploring related case studies, this research proposal seeks to 
provide possible direction for future research for the development of complete feedback loops 
between BIM and energy performance simulation. 
 
2. CURRENT APPLICATION OF ENERGY SIMULATION TOOLS 
The Whole Building Design Guide


Typically, within the modern architecture, engineering, and construction industry (AEC), there are 
many uses for energy simulation tools, including analyzing schematic geometry, sizing HVAC 
systems, predicting onsite renewable energy from photovoltaic panels, and calculating appropriate 
duct work dimensions. Specific tools require different levels of detailed information in order to 
operate and subsequently provide different levels of accuracy in the results. A recent article by 
Richard Paradis breaks down these tools into the following four categories (Richard Paradis 2010): 


 (Richard Paradis 2010) describes energy simulation tools as 
having the ability to size and select mechanical equipment and predict the annual energy 
consumption of a structure. Over the past 50 years there have been the development and use of over 
one hundred building energy programs. The core purpose of these tools is to provide the user with 
key building performance indicators such as energy use and demand, temperature, humidity, and 
cost.  Not only have there been many software programs developed, but they have been increasing in 
sophistication, accuracy, and user friendliness in addition to being targeted at different stages of the 
design process from architectural schematic design to complex engineering calculations. While a 
number of comparative surveys of energy programs have been published, until Crawley’s work in 
2008, there was not a published comprehensive comparative survey of all major simulation tools. 
(Crawley et al. 2008) 


“1. Screening Tools: for use primarily during in budgeting and programming of retrofit 
projects. 


2. Architecture Design Tools: for use primarily during programming, schematic, and design 
development phases of new construction and major retrofits. 


3. Engineering Design Tools: for use primarily during design development and construction 
documentation of new construction and major retrofits. 


4. Economic Assessment Tools: for use throughout the design process.”(Richard Paradis 
2010) 


A fifth category, Commissioning, Operations and Maintenance, should be added that recognizes 
that energy simulations not only help in the original measurement and verification of systems 
when the building is occupied, but also might need to be redone over the lifetime of the building 
as occupancy patterns, remodeling, additions, HVAC overhauls, and other conditions warrant 
new calculations. 
The above categories are not always separate and distinct. Some tools that have the ability to 
cover several categories, and others are extremely specialized. This paper will be focusing on the 
use of BIM technology and energy simulation tools specifically for category 2 during the 
schematic and design development phases within a project. Issues regarding the communication 
between BIM and category 2 tools and tools used for category 3 will also be explored.  
While “none of the tools available today support the full scope of conceptual design services,” 
energy simulations are often implemented during the design development phase in order to meet 







designated requirements. Unfortunately, design development is not considered the best time for 
exploring the initial stage of any set of ideas as the many aspects of the design have already been 
established. Although a common method, this limits the impact of any new information or simulation 
results on the developing design. (Eastman et al. 2008, pp.158-167) 
In order to use energy simulations to meet energy performance for major sustainability standards and 
rating systems such as ASHRAE or LEED, a model with design development levels of detail is 
required. Currently designers have two choices with regards to energy simulation. They can develop 
their design using BIM, import the design into an energy simulation tool, then modify the model in 
order to ensure compatibility before running the simulations. Modifications made to the model while 
must then be manually entered back into the BIM model. This is not an example of “round tripping;” 
where changes in one software program are easily mirrored into another. The other choice is to build 
a separate model within the energy simulation tool and corroborate the results with the BIM model 
manually. Unfortunately both of these solutions can often be time and labor intensive and lead to two 
models that might not be synchronized. This process becomes more complicated as the design 
progresses, resulting in either the introduction of third parties to provide simulations or the 
abandonment of energy simulations until they are required to demonstrate design performance to 
meet certain standards. It is apparent that both of these processes do not take full of what energy 
simulation can offer to the whole design process.  
 
3. DISCUSSION OF THE CURRENT BIM AND ENERGY SIMULATION TOOLS 
The purpose of energy simulations is to provide feedback regarding the impact of design decisions 
on the expected energy performance of the project. Whether these decisions are related to geometry, 
location of major openings, the size of mechanical systems, or types of glass, not only are analytical 
models for the purpose of predicting the behavior of the system, but the energy simulation models 
are also for the purpose of comparison of ideas and potential solutions towards creating a 
comfortable energy efficient building that meets the applicable energy codes. Exactly what is being 
compared directly affects the amount of detail needed to make the comparison. This paper will not be 
investigating that actual accuracy of energy simulation tools, but instead operates on the assumption 
that all energy simulations are estimates based on the information provided and should be treated as 
such.  
Ideally the BIM model should reflect the amount of known data about a design, whether its only 
basic geometry or includes detailed wall construction assembly data. As the design progresses, the 
BIM model should become more complete or complex with the continual development of more 
information. Also, the cumulated information should be able to support various analyses to ensure 
the performance of the design. The ideal energy simulation tools should be able to extract the 
information within the BIM model as needed to perform the simulation in question. The more details 
extracted would then result in a more accurate simulation that is consistent with the model. Changes 
made in the simulation model should then be able to seamlessly feed back into the BIM model with 
minimal manual modifications needed. This would allow for real time feedback and allow energy 
simulations to impact design to its fullest capacity. 
Unfortunately, the current status of BIM, energy simulation, and integration does not reflect this 
ideal situation. Some of the major issues found in this process are as follows: 
1. Technology Disconnect. Design professionals are often unfamiliar with schematic energy 


simulation tools and instead rely on engineers who prefer the more accurate and more detailed 
energy simulations performed during design development. 


2. Tool Interoperability. There is usually not a seamless integration between software programs; this 
leads to the loss of information between tools with the results being the need to manually modify 
models when going between BIM and energy simulation tools.  







3. Feedback Loop. There is no way to make adjustments in the energy simulation tool that feed 
back into the design. Any changes made have to be tracked and then entered separately.  
 


3.1 Technology Disconnection 
Throughout the design phase of a project there are different elements under development. For 
example, a project does not decide on the wall assembly or skin before the orientation has been 
decided.  At this preliminary stage, energy simulation tools are not a way of predicting energy bills, 
but rather they are a means of measuring the impact of specific design decisions on the overall 
energy performance of a design. For example, what the impact of a building’s orientation on the site 
will be or how much energy will possibly be saved by using more efficient glass in the window 
versus a shading device. Energy simulations tools provide information that allows designers to make 
more informed decisions during their design development.  
As is true with any tool, the results can only be as effective or as accurate as the user is competent 
using the tool. If designers are unable to utilize energy simulation tools during the schematic phase of 
design, then the contribution of energy simulations tools at this phase are minimized. In addition, 
when new technology is first introduced into a field, there exists a disconnection between the 
experience needed to use tools effectively and the actual ability to utilize new tools. Quite often 
younger members in the field know how to use the tools but lack the experience to make informed 
decisions or to understand how take information and feed it back into the design. On the other hand, 
more experienced members in the field often have the necessary expertise to understand implications 
of information, but lack the technical skills to fully utilize new tools or access the full spectrum of 
information available to them. As a result there are gaps in feedback loops until the industry as a 
whole is able to readjust itself to accommodate for new tools. The AEC industry is no exception to 
this condition and within the current industry there exists the full spectrum of designers generating 
their 2D architectural drawings by hand to those creating fully integrated BIM projects.  
 
3.2 Tool Interoperability 
In this section, it is assumed that there are multiple programs that need to share data, not a single 
federated model that is only concerned with intra-operability between its modules, although some of 
the issues faced with intra-operability are similar to those of tool interoperability. Interoperability is 
defined as the ability of two parties to communicate with each other without the loss or degradation 
of information. Typically within BIM this is used in reference of going from one software or type of 
tool to another. With regards to BIM interoperability issues can be categorized into three sections: 
syntactic, semantic, and geometry. 
 


3.2.1 Syntactic Interoperability 
If two or more systems are able to effectively communicate with each other, they can be categorized 
as having syntactic interoperability. An appropriate analogy is that these systems use the same 
language and grammar. Since they speak the same language, the various systems can communicate 
with each other without misunderstanding or loss of data, a common problem between current major 
BIM authoring tools and energy simulation tools. 
 
3.2.2 Semantic Interoperability 
Semantic interoperability is the ability of different tools to automatically interpret information 
exchanged in order produce desired results. With regard to energy simulations, this translates to the 
ability for the simulation tool to extract all necessary data from the BIM model in order to perform 
the desired simulations. 







While some energy simulation tools can use the geometry of the BIM model, currently often none of 
the material and construction properties can transfer from the BIM for energy simulation. (Sumedha 
Kumar 2008) 
Additionally, often energy simulation tools are unable to filter out unnecessary information contained 
within the BIM model. Where the BIM model contains the majority of information related to a 
project, the energy simulation tool will usually need only a fraction of this information in order to be 
effective. For example, the BIM model may have a wall defined with all the layers necessary for 
construction. However, for current energy simulation tools, the overall U-value is the only necessary 
piece of information needed for the simulation.(See Figure 1) Also if that information is not 
explicitly stated, even if the U-value could be calculated from the information contained, the energy 
program might not be able to “discover” it. This results in labor intensive modifications needed to 
simplify the imported BIM model in order to ensure compatibility with the energy tool in question. 
The other choice is to build a new simplified model in order to run the simulations. Either way, 
energy simulations can become quite costly, and the work redundant.  


 
(a) 


 
(b) 


Figure 1: Wall semantic information (a) in ArchiCAD: with all the construction assembly 
defined; (b) Autodesk Ecotect only needs the overall U-value for energy simulation. 


 
3.2.3 Geometric Interoperability 
Geometric interoperability is the capability of accurate geometry transfer from one program to 
another program. This is vitally important for quantity take-offs, clash detection, space analysis, and 
any other geometry-driven tasks. For most cases, the issues of geometric interoperability are easier to 
solve than semantic interoperability, especially since DWG and DXF formats have become almost 
ubiquitous as for 3D geometry and are supported by most of the BIM software. However, current 
energy tools, in order to perform simulations, define volumes by space rather than by geometry 
defining edges. As a result there is often a loss or incompatibility with how geometry from a BIM 
tool is imported into an energy simulation tool. For example, a wall within Revit is defined as a 
single entity with inherent layers, properties, and thickness. When geometry be imported directly into 
a simulation such as Ecotect, that same wall becomes defined as six separate faces that do not 
interact and must each be separately defined with regard to properties such as U-values before any 
simulations can be calculated. In addition, Ecotect will initially treat the space between the outer 
edges of the wall as a separate room, adding it to the energy calculation. As a result, major 
modifications and adjustments must be made to any imported model in order to preserve the 
geometry integrity and gain the results desired. (See Figure 2) Although the geometry exported from 
the BIM model in DWG or DXF format can still use for lighting and daylighting analysis, other 
analysis related to thermal and space cannot be validated with this geometry definition. 







 
(a) 


 
(b) 


Figure 2: (a) The original single wall geometry in Autodesk Revit Architecture; (b) The wall 
geometry exported from Revit in DXF format into Autodesk Ecotect; each geometry face 


becomes a partition in Autodesk Ecotect. 
While some of these issues can be resolved by using IFC or gbXML formats in order to translate the 
geometry into space boundaries for energy simulation, these formats have yet to be developed in 
order to handle complex geometries. As a result, in order to import models, geometries often have to 
be simplified in order to be effective within energy simulation tools. For example, during the BIM 
Analytics 2010 symposium held at the University of Southern California, Jenna Knudsen and Alex 
Korter demonstrated how CO Architect needed to simplify their BIM model in order to run further 
simulations. According to Knudsen and Korter, there was too much information in the developed 
BIM model that their energy simulation tool either didn’t know what to do with or simply discarded, 
resulting in necessary manual modifications before the model could be used for further energy 
simulations. (Knudsen & Korter 2010) 
There are, however, a collection of energy simulation tools that are unable to even read the geometry 
provided by the BIM model. This means that in order to use these tools a new model must be built 
within the tool itself as there exists no interoperability between the tool and BIM.  
While some of these interoperability issues can be overcome through original datum, resources to 
accomplish this are not typically found within a design office. Mitch Dec and Tianxin Xing 
presented an example of this at the BIM Analaytics 2010 symposium where they were able to 
streamline a Rivet model into eQuest. (Dec & Xing 2010) While this may be valuable enough for 
engineers who are performing more detailed energy simulations, this is not an efficient use of time 
for designers at the schematic or design development phase. 
 
3.3 Feedback Loop 
The design process is not linear. Ideas are bounced back and forth, choices are explored, more ideas 
are introduced, and the loop continues.  Designers are constantly trying new ideas and evaluating 
previous ones throughout the entire design process. Energy simulation tools are meant to provide one 
more way to evaluate the impact of these ideas on the overall design. In order to maximize the 
effectiveness of energy simulation tools on the design process there must be a seamless way to go 
from BIM to energy simulation tools back to BIM.  
An example of this seamless feedback loop is with regards to light and shadow studies within 
Autodesk Revit Architecture. Due to the rendering capabilities of Revit, designers are able to see the 
impact of openings in their design on the interior spaces, make adjustments, and immediately see the 
impact of those adjustments. (See Figure 3) This allows designers to evaluate and explore a variety 
of ideas regarding lighting in their designs throughout the entire design process. In addition, since 







these adjustments are made directly to the BIM model they do not need to be re-entered at a later 
date, they are now a part of the project. This works especially well for shadow and preliminary 
interior lighting studies. 


 
Figure 3: Solar and shadow studies in Autodesk Revit Architecture (Model shown is provided 


by the Revit sample project)(Autodesk, Inc. 2010) 
This is an effective means of evaluating ideas because feedback information can be provided at all 
stages of design. During the schematic phase, designers can input simple geometry to test, gaining 
results pertinent to the design process.  One example is the ability to calculate foot candles on 
surfaces and learning what changes different interior lighting systems make.  
Energy simulations are similar regarding the validity of results yielded from schematic geometry 
studies all the way through to systems design and sizing. However, in order to be just as effective, 
designers need to be able to complete and analyze the results of energy simulation tools in the same 
fashion. Unfortunately there is currently no seamless feedback loop from energy simulation tools 
back into BIM. Any changes made to the design as a result of the energy simulations have to be 
manually entered into the BIM tool separately, requiring labor and time to complete. This limits how 
much information energy simulation models are able to contribute and when during the design 
process. The figure below illustrates the information exchange between a BIM model and lighting 
analysis tools. Clearly this process would be more fluid if the information exchange could be 
automated and filtered. 


 
Figure 4: Information flow between design BIM and lighting analysis 


 







4. CURRENT RESEARCH RELATED TO BIM AND ENERGY SIMULATION TOOLS 
In order to resolve some of the issues inherent with BIM and energy simulations, various approaches 
are currently being researched. Four are discussed below: 
1. Industry Foundation Class (IFC) as a data exchange format. 
2. Embedded energy simulation tools within BIM tools.  
3. Stand-along energy simulation tools that are more compatible with existing BIM tools. 
4. gbXML (Green Building Studio XML) as a data exchange format. 
 
4.1 Industry Foundation Class (IFC) 
Currently the International Alliance for Interoperability (buildingSMART International 2010) and 
the National Building Information Modeling Standard (NIBS 2010) group are exploring the ability of 
using the Industry Foundation Class (IFC) file exchange format to solve the interoperability issues 
often found between BIM tools. Vladimir Bazjanac of Lawrence Berkeley National Laboratory, in 
particular, is exploring the use of IFC as a means of solving the interoperability issues between BIM 
tools and energy simulation tools. ( Bazjanac 2003; Bazjanac 2004; Bazjanac 2005; Bazjanac 2008) 
Currently IFC can be exported from the BIM environments for input into energy analysis tools. 
However, there certain limitations in this approach, one of which is that current IFC has yet to 
mature to the point where it can contain all of the necessary information required for energy 
simulations. As a result, when exporting BIM to IFC, there may be a loss of pertinent energy-related 
building data. 
 
4.2 Embedded Energy Simulation Tools 
Software developers, such as Autodesk and Bentley, are starting to embed energy analysis tools 
directly into the BIM software environment or import the information into other software they own, 
thereby eliminating certain interoperability issues. While this approach eliminates the need to import 
and export building geometry and data through IFC or other formats, it does pose other issues. 
Currently the tools provided within the BIM software environment have been only able to perform 
energy simulations at the schematic massing phase. While very useful, there is the need to provide of 
way of performing more detailed energy simulations as well. (Malin 2008) 
 
4.3 Stand-Alone Energy Simulation Tool 
Stand-alone energy simulation tools have been available for years, but using them has typically been 
a costly, labor-intensive process in order to generate desired energy simulations. In addition, these 
tools are typically designed for engineers to provide detailed energy simulations that are used later in 
the design process for final documentation.  
 
4.4 gbXML Format  
Currently there is also the development of web-based simulation tools that utilize the open source 
formatting in order to provide interoperability. An example of this is Green Building Studio, which is 
attempting to also provide an alternative standard language rather than IFC. Green Building Studio 
uses Green Building XML (gbXML) file format that is being adopted by many in the heating, 
ventilating and air-conditioning (HVAC) industry (including Trane, Carrier & York International) in 
attempts to streamline the building design process and provide improved interoperability for project 
design teams. Several of the leading BIM applications enable users to generate BIM output in the 
gbXML format. Green Building Studio works with the gbXML file exported from various BIM 
applications and uses the building information to perform an energy evaluation with established tools 
such as DOE-2, eQuest, and Energy Plus. (Stumpf & Brucker 2008) 







As with other stand-alone tools there are still issues of interoperability between BIM tools and 
gbXML where there is a loss of certain types of critical information. For example, instead of using 
the wall assembly defined by the BIM model gbXML will instead use a programmed default that 
must be altered manually. In the case of Green Building Studio, after running the simulation and 
editing parameters to produce a more energy efficient building, the changes cannot be exported to the 
BIM model. 
 
5. SUMMARY AND SUGGESTIONS FOR FUTURE RESEARCH 
The purpose of energy simulation tools is to provide the right people with the right information in 
order to influence decision making where and when it is most effective. In order to alter the 
building’s geometry to create a more efficient use of energy, the designer must be able to compare 
the effect of different forms of the building quickly and efficiently. In order for engineers to see the 
overall impact of an AC system on the building performance, they must be able to compare that 
system’s expected performance to others. In the world of energy simulation, it is all about 
comparison, first in making the systems more efficient and then in comparing those numbers with 
required building codes or voluntary certification such as LEED.  
In order to maximize the impact of energy simulation tools on the building design process these tools 
must be integrated throughout the entire design process. Energy simulation tools must be capable of 
closing the feedback loop.  For designers, this may mean using a tool that combines conceptual 
design and energy calculations in order to provide real time instant feedback at the schematic level or 
continuing to push software developers to provide a means of seamlessly going between energy 
simulation tools and BIM tools.   
There are two paths of exploration with regards to closing the feedback loop between BIM tools and 
energy simulation tools: utilizing a common language (IFC, gbXML, etc.) between tools or 
embedding the ability to perform energy simulations within BIM tools directly. Enthusiastic support 
exists within some sectors for open standards such as IFC, (Ouellette 2010) whereas others see 
proprietary standards or embedded tools are a better solution. Within these two choices are a variety 
of approaches, some under research and others barely explored yet. There is also the strong 
possibility that the most practical solution lies somewhere between the two paths. 
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7. NOTE 
As a preamble of author’s dissertation work, this paper provides the outline of current and future 
potential research directions regarding closing the feedback loops between BIM and energy 
simulation tools. It also presents the key component - the gap between BIM and energy simulation 
tools, which should be addressed in the current relevant education curriculum.  
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