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Curriculum Development for Building Information Modeling

Heather Ciszczon Allan D Chasey
Arizona State University Arizona State University
Tempe, AZ 85281 Tempe, AZ 85281
heather@asu.edu achasey@asu.edu
Abstract

Employers in the Architect Engineer Construction (AEC) industry have the expectation that
construction school graduates will have a working knowledge of Building Information
Modeling (BIM). Arizona State University’s Del E. Webb School of Construction has been
addressing that expectation by providing a senior level Project Management (CON 453)
“BIM” course. Since implementation, the content and structure of the course has evolved
and strengthened, due primarily to industry involvement.

BIM implementation at ASU focuses on a hands-on learning approach utilizing a
combination lecture and lab. The practical realities of BIM are developed and reinforced
during the weekly class supported by a variety of guest lecturers including architects,
construction managers, subcontractors, engineers and suppliers. The lectures provide
examples of how BIM has been put into practice across the project lifecycle, including
topics in modeling, preconstruction, coordination, fabrication, and commissioning.

During the lab period, students use structured tutorials, supplemented with videos, to
implement BIM skills, often utilizing real building information models. The customized
tutorials provide a step-by-step guide to the software, allowing for self-paced learning, as
well as easy future reference. Industry BIM professionals deliver the material, advising on
best practices, challenges they face, and the importance of a skill within their day-to-day
practice.

This paper will present sample tutorials of the curriculum. It will also describe how the
content was developed, and how industry input was vital to that development. A framework
for designing BIM coursework to meet evolving industry needs will be discussed.

Keywords: Building Information Modeling (BIM), Curriculum Development, BIM
Education

1. INTRODUCTION

The Del E. Webb School of Construction (DEWSC) at Arizona State University is highly
focused on preparing students for immediate entry into the construction industry workforce. The
school has an extraordinary record of job placement, even in down economies. For instance, the
Spring 2011 graduating class of nearly 80 students seeking employment all received job offers.
The high placement rate has been attributed to the school’s excellent relationship with the
industry, and its responsiveness to industry needs and expectations.

One of those expectations has been that construction school graduates have a working
knowledge of building information modeling (BIM) software and workflow. In one form or
another, BIM has rapidly become the industry standard for commercial projects. Construction





companies in the southwest market tend to rely on new hires to acquire appropriate talent rather
than re-training in-house personnel. There is a lack of trained and qualified graduates to meet
demand (Pavelko & Chasey, 2010). Recognizing this need, the DEWSC has incorporated BIM
coursework into the construction management program for undergraduate students.

2. BIM COURSE DESIGN

Several factors shaped how BIM was incorporated into the undergraduate construction
management curriculum at ASU. First, it had to be added to an already full program as a
standalone BIM/Project Management course, and accordingly had to be accomplished in one
semester. This was due to a variety of reasons including meeting accreditation criteria, adding
additional courses in an already full curriculum, and the incorporation of ever-changing software
and workflow for a new course.

Given the standalone course decision and the need to have a broad knowledge of
construction means and methods, estimating, scheduling, and team management as necessary
prerequisites for BIM training (the classic chicken vs. egg scenario), this dictated the need to
deliver the BIM course in a student’s senior year. It was also recognized that BIM for
construction students is not the same as BIM for architectural and/or engineering students. The
construction industry uses BIM tools in a different way and for different reasons than designers.
Accordingly, the course design had to be created with construction in mind, which meant it had
to be developed from the ground up and not borrowed from another discipline.

DEWSC has offered the senior level course in BIM for construction since 2008 and has
continuously updated and improved the course based on industry response, software
developments, and lessons learned from each course. The current course design is based on an
integrated lecture/lab approach, both equally critical to the student’s success in acquiring a
working knowledge of BIM.

3. LECTURE DESIGN

The lecture portion of the course meets twice a week and is important because it places BIM in
the context of the AEC industry as a whole. This is accomplished through guest lectures from
industry professionals representing the various stakeholders in a typical project. This component
gives students a real-time and real-world sense of BIM’s role in the construction of commercial
projects. Industry professionals from contractors, architects, subcontractors, suppliers and
vendors provide an industry wide view of the implementation of BIM tools in the industry today.
The project life-cycle is thoroughly discussed as well as understanding the development of a
BIM execution plan.

4. LAB DESIGN

The labs meet once per week and are designed provide a higher teacher/student ratio. Industry
professionals assist with the class to provide the students with the clear message that BIM is
highly integrated into the construction process. Also, the content of the lectures and labs are
designed to be closely aligned to ensure that the theory and application processes are understood
in addition to just software training.

The DEWSC experience has demonstrated that teaching BIM software modules in the lab
setting is best accomplished by using self-paced tutorials aimed at specific tasks incrementally
building upon another. This is primarily because students come to the lab with varying levels of





computer proficiency, experience with CAD-type software packages, the ability to visualize in
three dimensions, and learning processes. The self-paced tutorials enable students to deal directly
with the material and avoid the challenges of pacing a lab for the both the quick and slow
students. The tutorials also make it possible for students to work outside the lab setting if they
require more time to accomplish any given module or want to study particular material further.
Another advantage is to serve as a reference, not only for the final project, but post-school in
potential jobs, given that very little construction-oriented BIM reference material is currently
available.

The progression of exercises given in the labs roughly parallels the workflow of a typical
commercial project as it moves from concept through construction documents to the construction
process. The tutorials were developed to promote a continuous experience of building a single
project, the College of Nursing facility at ASU’s downtown campus. Students were provided part
of the architectural model, as well as subcontractor fabrication models, to complete the tutorials.
This emphasizes the lifecycle of the project in a BIM setting, as well as the real-world challenges
of file size, maintenance, and clashing issues. The software packages used represent the range of
tools commonly used including Google SketchUp, Autodesk Revit Architecture, and Autodesk
Navisworks Manage. A list of tutorials for the semester is given in Appendix A.

5. TUTROIALS

The individual tutorials for the school year were developed by the lab teaching assistance in the
Del E Webb School of Construction using previous semester’s material as a foundation. Tutorial
modules are custom-designed or adapted from software vendor examples or construction
company in-house training materials. While the tutorials are specifically task/skill-based, with
step-by-step instructions, each lab began with a big picture discussion of the skill set being
developed. Industry professionals from Phoenix-based commercial general contractors deliver
the material at each of the labs. This reinforces the applicability of the skill sets, as well as gave
students the ability to question processes and workflows. The industry experts advise on best
practices, the importance of particular skills to their specific company, and the challenges they
face, providing students with concrete examples of how BIM is practiced in reality, outside of
the given material in the tutorials.

Each tutorial is discussed and demonstrated by an industry professional and/or teaching assistant
at the beginning of the lab. Students can work along with the instructor during the demonstration
or they can observe, take notes, and attempt the module after the demonstration. Each lab is two
hours long and the initial discussion typically lasts under 30 minutes. This allows plenty of time
for one-on-one questions during the lab. Sufficient teaching assistants and lab instructors are
available to ensure students do not have to wait long to obtain assistance. Students are also
encouraged to use their peers as an additional resource. To receive credit for each assignment,
students are required to electronically submit a deliverable in a specified format.

6. TUTORIAL CASE STUDY

ASU’s College of Nursing and Health Innovation building provides a home to one of the largest
nursing programs in the U.S. and serves as the downtown campus gateway. A fast-track, design-
build project costing $27million, the 84,000 square-foot, 5-story building houses classrooms,
labs, faculty offices, a conference space with a 200-seat auditorium, and student facilities in an
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d setting. The building, which is located at Third and Fillmore streets in the heart
hoenix, was completed in July 2009 and is LEED Gold certified (Figure 1).

1. Case study used in tutorials — the ASU College of Nursing Building, Phoenix, Arizona

7. BIM TUTORIALS

Google SketchUp is the first software package the students encounter due to its simple interface,
ease of use, and immediate visualization capabilities, which parallel architectural workflows. In
working through the SketchUp tutorial modules (Figure 2) over the course of two weeks the
students are introduced to 3D modeling concepts and skills, with emphasis placed on skills used
in the construction setting, rather than in design. Students learn modeling skills that relate
directly to project startup logistics discussed in the lecture portion of the class, including creating
a 3D placeholder building on a site, layout of the construction yard and fencing, and placing
equipment, to allow for review by the construction team.
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Figure 2. SketchUp tutorials. Left: modeling the building on the site. Right: adding a site fence gate.

The Autodesk product Revit Architecture is the second software package encountered by
the students (Figure 3). This represents a significant step up in difficulty because of the
complexity of the program and the different layout of the program’s interface, as well as the
parametric “smart” 3D modeling capabilities. All the tutorials are conducted in Revit
Architecture though the computers in the lab are also loaded with Revit Structure and Revit MEP.

The Revit portion of the course is broken into 10 tutorial “chapters” which are
investigated over a period of 5 weeks. In working through the second group of tutorials, the
students develop elementary modeling skills, which provide them the ability to perform site
modeling, as well as understand the design workflow within the software structure. Once basic
modeling principals are understood, including datums/grids, element properties, and sheet set up,
students are then asked to investigate complex models from a construction perspective. To
engage students in model analysis and extraction skills, the tutorials task them to perform
quantity takeoffs and execute model element and family changes, as well as create sections and
isolated views for visualizing constructability.
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Figure 3. Revit tutorials. Left: Identify and annotate a beam. Right: Isolating the foundation view.

Autodesk’s Navisworks Manage is the third and final package studied by the students
(Figure 4). This software is usually easier for the students to learn because it maintains a similar
interface as Revit. However, the practicalities of understanding file types, and maintaining an
organizational system for model updating can offset the familiarity with interface.

During the 4-week, 4 chapter Navisworks portion of the class, students are given actual
construction models of the College of Nursing building, including architectural, structural,





ductwork, and fire protection. Before students can perform clash detection analysis and create
sequencing 4D animations, they learn to navigate a model and manipulate elements and views,
critical skills for entry BIM engineers. Given real-world models to clash, students often lack the
experience to distinguish trade components, and understand priority relationships. For example,
students identify a fire sprinkler branch line conflict with a main line duct as a “pipe” clash with
duct, and will relocate the duct instead of the branch line. Regardless, the process of clash
detection, and the value of a federated model that can easily be navigated are well understood by
students at the end of the module.

Figure 4. Navisworks Manage tutorial. Left: section through a composite model. Right: Horizontal
sections.

A final project using real-world Target store models incorporates a comprehensive
assessment of the semester. Students start back with SketchUp to build a site logistics plan for
the building; create quantity takeoffs and sectional constructability details in Revit; and perform
clash detection and sequencing animations in Navisworks.

8. CONCLUSION

The experience of the DEWSC’s most recent graduating class demonstrated convincingly that
BIM training in the context of a well-rounded curriculum greatly enhances the employability of
construction students. Moreover, it has been confirmed over the three years of implementing the
DEWSC BIM program that lectures or labs alone are not enough — students require both learning
methods in order to develop the intellectual and practical skill necessary to function in BIM
project environments.

Nonetheless, the curriculum for students in construction management must evolve. First,
it must continue to parallel and mimic how BIM is implemented by the industry. Second, it must





continually be updated as the software evolves. Third, it must continually be refined to
accommodate and enhance student abilities and learning styles.

Finally, the notion of BIM training for construction students as a standalone course may
fall by the wayside. A better pedagogy may be to review every course and find ways to include
appropriate BIM material within each and every one.
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Figure 5. Navisworks Manage tutorial. Left and Right: Clash detection isolated on structural steel vs. ductwork.
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Appendix A

The tutorial modules used over the course of a one semester lab on BIM for Construction:

Unit Software Subject

1 SketchUp Intro to SketchUp

2 SketchUp Creating a Site Logistics Plan and Adding Elements

3 Revit Intro to Revit. Creating a Site and Adding Elements

4 Revit Datums and Grids

5 Revit Working with Basic Elements: Slabs, Columns, and Walls

6 Revit Changing the Properties of Elements: Roof, Doors, and Windows
7 Revit Tracing from 2D Drawings

8 Revit Quantity Take Offs — Exporting to MS Excel

9 Revit Working with Sheets for Plotting

10 Revit Linking to a Structural Model and Notating Sections

11 Revit Quantity Take Offs with Isolated Views

12 Navisworks Intro to Navisworks. Interface, File Types, Navigating

13 Navisworks Clash Detection Basics: Batches, Results, Measuring, Views
14 Navisworks More Clash Detection: Updating Files, Redline Tools

15 Navisworks 4D Timeliner: Import Schedules, Create Tasks, Search Sets,

Export







BIM Class Project: Application of Personalized Learning

Julian Kang, Ph.D.
Texas A&M University
College Station, TX, U.S.A.

Abstract

A BIM class for construction often requires hands-on practice, from which students pick up skills
and lessons in terms of using BIM for project acquisition, clash detection, estimation,
constructability analysis. The BIM course offered by Texas A&M University use an industry-
sponsored class project specifically designed to teach students how to use BIM for construction
planning and acquisition. Students enrolled in the BIM class are supposed to produce a 3D
model from scratch using 2D drawings, come up with their own construction schedule using
basic information provided by the industry sponsor, combine the 3D model and construction
schedule to produce a 4D construction sequence model. Upon coming up with the script
explaining their construction sequence, students produce several time-line animation clips
supporting their script, and edit them together to produce a 3-minute video clip explaining how
they want to build the building. Students who took this process are well received by the
construction industry because they gain a practical understanding of BIM in construction. One
challenge for students though is that they need to learn how to use several BIM applications such
as Autodesk Revit Architecture, Revit Structure, Revit MEP, Autodesk NavisWorks, Google
SketchUp, Google Earth, and Microsoft MovieMaker in a very short amount of time in order to
work on their class project. Considering the time required for producing a 3D model, 4D
construction model, and video clip, not much time can be allocated to teach several BIM
applications. This paper presents how the concept of the “personalized learning” was utilized to
help students learn how to use multiple computer applications in a short amount of time and get
their class project finished on time with a certain level of quality.

Key Words: BIM, Personalized Learning

1. BIM FOR CONSTRUCTION MANAGEMENT

When Three-Dimensional Computer Aided Design (3D CAD) was introduced to the
Architecture, Engineering, and Construction (AEC) industry in the 1980s, industry practitioners
soon realized that 3D CAD could be used to integrate design, engineering, and construction
information. 3D CAD models integrated with the construction schedule becomes a valuable tool
in helping project participants to understand the construction schedule and intuitively identify
potential conflicts on the job site before the project begins. Riley (1994), Akinci et al. (2002),
Guo (2002), and Kang et al. (2007) reported the advantages of 4D construction models in time-
space conflict analysis and construction planning.

In the building construction industry, software packages such as AutoDesk’s Revit,
Bentley Systems’ Architecture, Nemetschek’s VectorWorks Architect, and Graphisoft’s
ArchiCAD offer object-based parametric 3D modeling, which is also known as Building
Information Modeling (BIM). The American Institute of Architects (AIA) defines BIM as a





process of integrating 3D-2D model with information, which facilitates a faster, higher-quality,
richer design process. BIM helps architects spend less time for drafting and allocate more time
on design. The Associate General Contractors (AGC) of America states that “the Building
Information Model is a data-rich, object-oriented, intelligent and parametric digital
representation of the facility, from which views and data appropriate to various users’ needs can
be extracted and analyzed to generate information that can be used to make decisions and
improve the process of delivering the facility.” For general contractors, the BIM is expected to
facilitate the detection of clashes in advance, reduce change orders, develop better construction
plans, enhance constructability on the job site, speed up approval process, use more pre-
fabrication, and reduce waste. Currently most benefits come from clash detection. Kang et. al
(2008), empirically applied BIM to commercial building construction and demonstrated its merit
in clash detection between the structural components of the building and the MEP (Mechanical,
Electrical, and Plumbing) system. Clash detection helped general contractors to reduce change
orders and facilitate the use of pre-fabricated duct components for the HVAC system installation.
Some advanced contractors combine 3D model and construction schedule to visualize the
construction sequence in four-dimensional world. Four-dimensional (4D) representation of the
construction sequence helps to understand the potential time-space issues between sub-
contractors and come up with solutions in advance to avoid any conflicts between trades on the
job site. Knowing that information in the Building Information Model can also be utilized for
maintaining the facilities after construction, industry professionals have discussed the best
utilization of BIM for facilities as well. Government agencies also paid attention to activities
going on in the industry with BIM, and recently started mandating the use of BIM for their
projects. The General Services Administration (GSA), US Army Corps of Engineers, City of
Dallas, City of San Antonio, and Texas A&M University System are some of those agencies in
Texas demanding that BIM be used in their projects. In order to meet with the government
agencies’ demands, more general contractors seek BIM experts.

2. BIM COURSES AT TEXAS A&M UNIVERSITY

BIM has recently become one of the most popular topics taught in academic institutions across
the U.S. due to its potential impact on productivity improvement in construction and demands
from the industry. The Department of Construction Science at Texas A&M University has been
offering the following BIM courses for graduate and undergraduate level students since 2004:

= (COSC 461 — Building Information Modeling System (for undergraduate students)
= COSC 650 — Construction Visualization (for graduate students)

In our BIM class, students learn how to better communicate with project participants using
visual representation of construction plan, for which they get trained for multiple BIM
applications to create an object-based 3D model of the building and combine it with the
construction schedule in order to visualize the construction sequence in a 4-dimensional world.
Students gain knowledge of using BIM for project acquisition, construction planning, and project
control. Our BIM classes have been well received by the construction industry, and students who
took them are now leading the use of BIM in the construction industry.

Students enrolled in our BIM class learn how to use Autodesk Revit, Goggle Sketch-Up,
Google Earth, Autodesk NavisWorks, and Microsoft Movie Maker collectively in order to
produce a 4D construction sequence model. Autodesk Revit is used to produce the object-based
3D computer model of a building. Google Sketch-Up is used to bring the 3D models of
construction equipment such as tower crane. Students put their model in Google Earth to explain
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the location of the project; Autodesk NavisWorks is used to combine the 3D model and
construction schedule, and then produce a 4D model representing the construction sequence.
Microsoft Movie Maker is used to produce a video clip explaining the construction sequence and
equipment utilization.

Most students enrolled in our BIM courses are exposed to these computer applications for the
first time. Teaching them how to use all these BIM applications in one semester has been
challenging. Over the years, various experiments have been tried to come up with an effective
teaching method to handle this challenge in class, and we found that the following three elements
helped students to effectively gain necessary skills for BIM in a short amount of time:

* Fun and Excitement

= Motivation

= Personalized Learning

3. FUN AND EXCITEMENT

One question students ask almost always at the beginning of each semester is whether they need
to have pre-knowledge on 2D or 3D CAD applications to take the BIM class. After getting
informed of all class activities they will get engaged in across the semester, most students
become wondering whether they would be able to pick up necessary skills for the class project
even if they don’t have any pre-knowledge on multiple BIM applications to be used. Therefore,
the first challenge that the instructor would have to deal with is to provide students with a certain
amount of confidence that they could manage all class activities. We managed this challenge by
asking students to create the 3D model of their own house or a dream house after presenting
overall process of creating the Revit Architecture model. About one hour is allocated to show
students the step-by-step process of creating the 3D model using Revit Architecture. Students are
also informed of any on-line resources they can access to obtain additional information. For 3D
modeling, we don’t ask them to get the accurate dimension of the house. We allow them to
assume the dimension of their house or come up with fictitious dimensions to create the 3D
model of their dream house. Students are given one week for this assignment. They are also
informed that some of them will get a chance to show and tell what they have created in front of
their classmates. The essence of this assignment is to encourage students to put their hands on
the application and have fun while they create the 3D model for the first time. Students get the
full mark as long as they produce any model using Revit.

Knowing that they have freedom for the assignment and there is no risk for their being
creative, most students tried to create something unique and worth to get attention from their
peers. One week later, the instructor simply asks students who wants to present what they have
created. There have been always some students who were dying to show and tell what they have
created, and instructor gives them a chance to do so. Not all students were getting excited at the
beginning. However, after seeing what their friends have created, many of them started getting
confidence that they also could produce the similar model. Once they believe that they also can
create a nice looking model, students become ready to get engaged in more realistic tasks. Figure
1 shows the snapshot of the Autodesk Revit model created by a student within a week after
learning how to use it.
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Figure 1: 3D model created by a student in one week

4. MOTIVATION
Being able to create a fictitious model of their dream house in Revit does not necessarily mean
that one can use BIM to enhance visual-based communication in construction. Students need to
get engaged in more practical issues in terms of creating object-based 3D model, producing 4D
construction sequence model, and produce a video clip presenting the construction plan. This is
not an easy process and a short excitement may not be able to help students keep working on it.
We get students motivated by getting them engaged in the real project, for which we invite the
industry sponsors to develop the class project together. The class project is asking students to
produce a short video clip explaining the logic of the construction sequence of the sponsor’s
ongoing project, for which they need to read 2D drawings provided by the sponsor, create the
Revit model, come up with the construction sequence, combine the Revit model and construction
schedule in NavisWorks to produce a 4D construction sequence model. The objective of the
class project is to help students gain proficiency in terms of using BIM to enhance
communication for construction management.

The industry-driven class project got most students actively engaged in class activities.
They were excited about having the opportunity to work on the sponsor’s real projects. The class
project helped them understand what was really going on in practice. They were willing to take
additional workloads once they understood what was required in the construction industry. The
sponsors were also excited about the opportunity to get engaged with our BIM class. They were
impressed by the video clips student produced. Many sponsors offer students jobs when the
semester was over. One sponsor arranged a special interview session for those who took the BIM
class, and hired three students immediately. The sponsors had a chance to monitor the entire
progress of the class project through out the semester, and they knew whom they want to hire at
the end of the semester. The experiences of these students helped other students to get more
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engaged with the sponsor’s class project hoping that they too would get similar opportunities.
When students are fully motivated, they begin to teach themselves and an instructor does not
have to teach how to use BIM applications in detail.

5. PERSONALIZED LEARNING
Learning multiple BIM applications, creating the Revit model from scratch, developing

the construction schedule, creating the 4D construction sequence model, and producing a short
video clip in three months is still a daunting task. Students need to know how to use various BIM
applications in detail in order to produce the video clip on time. Not all students can pick up
these skills at the same time. Some students simply need more time to gain necessary skills for
the BIM applications. Many educators discussed this individual learning issue, and they found
that the new pedagogy called as personalized learning helps students gain knowledge more
effectively. Personalized learning is the tailoring of the curriculum and learning environments to
meet the needs of individual learners, often with extensive use of technology in the process. This
term was used by David Miliband (2006), Minister of State for School Standards for the United
Kingdom (U.K.), who stated that “personalized learning is the way in which our best schools
tailor education to ensure that every pupil achieves the highest standard possible”. Education
leaders invited to the SITA-ASCD-CCSSO Symposium on [Re]Design for Personalized Learning
in 2010 jointly identified the following essential elements for personalized learning (Wolf 2010):

1. Flexible, Anytime/Everywhere Learning

2. Redefine Teacher Role and Expand “Teacher”

3. Project-Based, Authentic Learning

4. Student Driven Learning Path

5. Mastery/Competency-Based Progression/Pace

Symposium attendees also agreed that the elements in the following table represent some
differences between the personalized learning system and our current education system.

Table 1: Comparison between Current Education System and Personalized Learning System

Current System Personalized Learning System
Institution/Teach Centered Student-Centered

Fixed Place; School-Based Anywhere and Everywhere; Mobile
Comprehensive Teacher Role Differentiated and Specialized Teacher Roles

Geographically Determined and Limited | Virtually Unlimited, Multiple Instructional
Instructional Sources (Teacher and Textbook) | Sources (Online Resources and Experts)

Informal Learning Disconnected Informal Learning Integrated

In order to provide the personalized learning environment, our BIM class encourages
students to use the online tutorials, YouTube videos, and Facebook to pick up detailed skills
needed for the class project. Autodesk provided various online tutorials and students used them
whenever they wanted to learn a specific functions of BIM applications. They also used the
YouTube videos posted by many industry professionals explaining how to use BIM applications.
These videos were particularly working well with students because they showed the step-by-step
procedures visually. Most students found them easy to follow. Facebook was used to help
students exchange tips and information for class projects with other students. A closed group was
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created in the Facebook for students. Industry professionals were also invited to this group.
Students were able to ask industry professionals directly. Other students were able to gain
knowledge simply from monitoring the correspondences between industry professionals and
some students. Figure 2 is the copy of the Facebook group page presenting how students used the
Facebook group for exchanging information.

6. CLASS PROJECT

For 3D modeling, the instructor invites the architects to explain the configuration of the building.
The 3D model created by the architects is presented in class to explain what students would work
on. If the sponsor’s project is too big for one student, it is divided into smaller sections and
assigned to students. These models are later combined into one in the next step for 4D modeling.
For 4D modeling, students import the pieces of the 3D model into Autodesk Navisworks and
combine them into one integrated 3D model. They then divide the 3D model conceptually into
work packages and come up with their own assembly sequence for these work packages. Upon
identifying the start and finish date of these work packages, students put this information into the
3D model components associated with the work packages they designed. Figure 3 shows the
snapshot of the 3D & 4D models of the Texas A&M Health Science Center Research Building
created by one of students.

For the video creation process, students need to understand how to tell a story in a 3-
minute video clip. To help them decide how they want to use a visual expression for their video
clip, they are shown movie trailers and clips produced by students in the previous semester. Most
students strive to produce better video clips than those produced in previous semesters.

At the end of the semester, the sponsor’s representatives are invited to evaluate the class project
using the following guidelines:
= Level of Detail: Does the 3D model presented in the video clip have an appropriate level
of detail to explain the construction activities?
= Logic of the Construction Sequence: Does the construction sequence presented in the
video clip make sense?
= Presentation Skill: Does the video clip explain the construction project professionally?
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Figure 2: Screen shot of the Facebook page presenting how students exchanged tips

..

Figure 3: 3D and 4D Models created for the class proect
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7. LESSONS LEARNED

The MEP model plays a critical role in helping students understand how BIM can be used in
construction. Most clashes take place between the building’s structural components and the MEP
system. However, creating an MEP model is often too overwhelming for one student to handle in
a very short time-span. The instructor needs to make a decision whether students will model the
MEP system or not based on the complexity of the sponsor’s project. Most students are
wondering what would be the right level of detail for 3D modeling; obviously, this depends on
the time allowed for the class project. It is not, however, easy for students to decide upon the
correct level of detail they can deal with within the given time and it should normally be the
instructor who decides what should be modeled for the class project. The students have ot be
informed of the level of detail required for the 3D model for the class project in advance,
otherwise they can end up wasting too much time working it out by themselves.

8. CONCLUSION

This paper presents some of the lessons learned while using the industry-sponsored class project
to teach college students Building Information Modeling (BIM). The class project presented in
this paper is focused on using BIM for project acquisition. Students produce a video clip to
promote the sponsor’s construction project using BIM. The industry-sponsored class project
motivated students to learning BIM. In order to make sure that students stay interested
throughout the semester, the instructor has to carefully determine the scope of the class project,
and appropriate level of detail for 3D and 4D modeling based on the complexity of the sponsor’s
project. The personalized learning environment provided using Facebook, YouTube Videos, and
online tutorials helped students exchange information successfully and pick up necessary skills
rapidly.
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Abstract

In recent years rapidly growing technology and project delivery methods such as Building
Information Modeling (BIM) and Integrated Project Delivery (IPD) have had a significant
impact on the building industry. As a result, practitioners and academia are beginning to
realize that educating future engineers in these areas is a necessity. While it is unreasonable
to expect that academia can fully duplicate industry practice in an educational setting; it is
possible to develop specialized skill sets within students by implementing a focused problem-
based environment.

This paper describes the first two years and proposed improvements for a third year
offering of a multidisciplinary pilot program within Architectural Engineering (AE) at Penn
State University. The primary discussion will respond to the concern of the current lack of
multidisciplinary team collaboration in capstone courses as well as describe the reasons and
methods behind the Penn State AE pilot. Emphasis within the course is on the
interdisciplinary approach to design, with the BIM platform as a facilitator. This paper
includes a discussion of the course deliverables, student generated trends in analyses,
lessons learned, course management techniques, and a plan for moving forward for the third
year and beyond such that other academic programs can gauge how best to incorporate BIM
into some aspect of their curricula.

1. INTRODUCTION

The current standard for the senior design capstone course within the Architectural Engineering
(AE) Department at Penn State is to have individual projects that span both the fall and spring
semesters. Individual projects encompass a large degree of discipline focused depth work, eg.
structural design, while somewhat limited breadth activities, eg. HVAC or electrical systems, in
other building systems disciplines. Often closely related to the depth topic, these breadths are
incorporated in part to address specific design related ABET outcomes and guidelines. As a
result of the rapidly expanding technology and ideology of BIM and IPD on the AEC community
the AE department developed and implemented a pilot capstone design program by creating
multidisciplinary collaborative groups from each of the department’s four disciplines.

The basis behind the formulation of the BIM pilot course created focused on the creation
of a team atmosphere for collaboration, while maintaining the Problem Based Learning (PBL)
approach that is a key component of the current program. One of the concepts incorporated into
the format of the course using BIM is the idea of T-Shaped people which was described by
Messner et al. (2010) for a similar studio initiative at Penn State. For the integrated capstone
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pilot program Solnosky and Parfitt (2011) generated a similar idea regarding the T-Shaped
people which state that individuals are deep in at least one field of study while knowledgeable in
many others as well as employing a shifting in the learning curve in the academic sector similar
to the shift occurring in industry. Often architecture and engineering curriculums work
exclusively in the Schematic Design (SD) phase with the possible exceptions of capstone/senior
design courses. However, in the case of BIM and IPD they allow for a shifting in the curve to the
right. This rightward movement, as depicted in Figure 1 and compared to the industry shift,
allows the team to address design questions that are generally associated with the Design
Development (DD) phase or even the Construction Documentation (CD) and Facility
Management (FM) (Denzer and Hedge 2008).

Traditional Design buildingSMART Design

Effort

Effort

Time Available in Education

‘Scheen. Design | Design Devsl | ConstDoos Construction
Design | Design Devel | Const Docs Project Status
Time Time

Figure 1: Comparison of Traditional, BIM/IPD industry and BIM education (McGraw-Hill 2007,
Solnosky and Parfitt 2011).

Design! Design Devel | Const Docs

2. FOUNDATIONAL BASIS O THE PILOT PROGRAM

As these concepts of T-Shaped people and the shifting of the curve to the right are applied in
academia to the core of a new pilot program, proper structuring of the teams and assignments are
needed to mimic and drive the results in the ideal direction. It was determined that for the pilot
program, the four disciplines represented within Penn State’s AE Program (Construction,
Lighting / Electrical, Mechanical and Structural) continue to represent the depth areas while the
integrated team as a whole binds the various disciplines to the breadth through a BIM platform.
Team selection was implemented through a rigorous process in which the teams were balanced
between software skills, knowledge level of discipline, previous BIM experience and a
questionnaire related to personal work preferences. Details on how the teams were formed and
the importance of the factors involved are described in detail by Holland et al. (2010), Parfitt et
al. (2011), and Solnosky and Parfitt (2011). With the broad setup and structure of the course in
place, the next step was to refine the learning objectives and develop the deliverables centered on
team goals. By incorporating BIM and management techniques, a mutual theme was created
shared by all team members which focuses on the interdependence of each building system and
in turn affects the concepts to be explored within a particular discipline. With BIM assisting in
the shift of the level of development, this concept allows for the possibility of students to
consider late design, construction, and FM aspects of a project as appropriate. The deliverables
developed, which are discussed in the next section, were created to include these late design
areas.

18





3. LEARNING OBJECTIVES

As previously discussed, the basis of the pilot was to use IPD and BIM concepts to drive the
course. As a result, it was necessary to clearly define learning objectives to help insure that
students would acquire specific and desirable new skills. A fine balance of what was expected or
required from students while maintaining the freedom of the team to explore self-generated team
oriented goals needed careful crafting so as not to limit one or the other. Many of the learning
objectives have a basis in the traditional AE capstone course while additional objectives were
developed specifically for the pilot. A representative list of objectives for the BIM pilot are
summarized as follows:

* Mimic, through examples, how system design choices affect other disciplines and the
timeline of a project;

= Obtain the realization that the project team as a whole comes first over individual goals
or recognition;

= QGain a better understanding of the BIM / IPD process including the management of the
technology and associated information;

= Obtain a more powerful skill set revolving around modeling tools;

= Increase knowledge of discipline depth;

= Develop proper work processes and information sharing paths; and

= Become proficient in team communication, technical writing and speaking skillsets.

Specific individual and team assignments were created leading to student generated
deliverables based on the learning outcome or objective.

4. REQUIRED DELIVERABLES AND EXPLECTATIONS FOR LEARNING

Similar to the traditional (individual) capstone course, it was determined that fall semester course
deliverables should include three primary technical assignments and a proposal of what the open-
ended spring semester will entail:

= Existing Conditions Confirmation and Modeling (Assign. 1)

= Alternative Schematic Systems Design Review with BIM Model Integration (Assign. 2)
=  BIM Process Model Review and Procedural Evaluation (Assign. 3)

= Spring Semester Team Proposals (Assign. 4)

* Final Design and Execution of the Proposal (Assign. 5)

In addition to the technical assignments, a series of smaller project management tasks
(communication and record keeping, etc.) were also assigned, including weekly meeting
minutes, project specific website for managing information, ABET documentation, display
posters of the projects and the final outcomes and surveys on effectiveness of the teams and the
course.

In Assignment 1, students work together, particularly those in the same discipline, to
populate and edit the overall electronic building model in an effort to better understand the
building systems as well as re-familiarize themselves with the BIM tools they will use as they
create a baseline model for future assignments. The basis of Assignment 2 is to have students
work within their teams to research the design and construction of similar buildings or building
systems, including calculations as appropriate, with an emphasis on generating new ideas for
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potential building alternatives. Assignment 3, requires each team is to revise and fine tune their
alternative conceptual design and construction ideas. Having generated the conceptual design
information the teams work through the BIM Process Modeling Procedure (CIC 2009). The basis
of this assignment is for the students to understand how collaboration and timely information
sharing is critical to development of a process, which includes their spring semester work.

The previous alternative design ideas from Assignments 2 and 3 are revised based on
feedback from faculty and outside practitioner consultants for Assignment 4. Student generated
alternative technologies and goals for the building are discussed in a report and a presentation to
the faculty for approval for spring semester. The teams are provided reasonable leeway in
changes to the program as new ideas and limitations are encountered in the spring.

5. TRENDS RESULTING FROM STUDENT OUTCOMES

In both the fall and spring semesters the requirement for specific deliverables allowed for
individual discipline depth investigations while also ensuring adequate integration for a more
collaborative outcome across all systems. It was observed that a number of cross disciplinary
trends occurred, and are illustrated in Figure 2, as a normal part of the educational process
including:

1. Systems integration across disciplines
2. Advanced computer modeling skills were developed
3. Optimization or reconfiguration of systems

Systems integration across disciplines is the most collaborative among the three trends.
Student generated designs require the input of at least two team members but can have as many
as four providing input and suggesting design considerations. Topic studies that have been
common over multiple teams and years to date include: architectural concept and fagade
redesigns, lighting and electrical system control design, lighting and mechanical system
integration, Computational Fluid Dynamics (CFD) studies, structural system optimization,
constructability aspects of building systems, sustainability studies, and detailed installation
constructability through clash detection analysis.

Advanced computer modeling technology use was the second most prevalent trend that
resulted in the teams. This does not come as a surprise considering much of the capstone learning
experience involves BIM and related technology. The generated outputs organized into this area
rely on computer modeling through analysis, design, and simulations of the project for different
purposes. The models can be used collectively for the group decision making or customized for
more discipline specific studies. Model uses have been common to date in this trend match the
systems integration topics. This is unsurprising due to the modeling platform as the design
integrator. Yet there are subtle distinctions between the two, primarily with advanced modeling
having much more technical depth.

Optimization and reconfiguration of systems, the third trend, primarily takes place within
individual disciplines. However this trend is present as a subset of the first two trends mentioned
as to achieve these results often systems optimization needs to be conducted to maximize the
potential for multiple players.
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Figure 2: Student Generated Course Deliverables Integrating BIM and their Disciplines

At the conclusion of the spring semester, all three teams present their project findings to a
jury of faculty and peers as shown in Figure 3. After reviewing each of the three presentations
technical and team collaborative content, the faculty jury selects the top two teams to present to

an invited, outside, jury of practitioners which are experts in their field as well as knowledgeable
in BIM.

Existing vs. Proposed Facade
Key Design kssues

How does overhang depth
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Figure 3: Final Spring Presentation by Students to Faculty and Peers
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6. SURVEY RESULTS AND OPEN-ENDED FEEDBACK

A series of surveys developed by the authors and with the help of the Penn State Industrial
Psychology Department were used in addition to verbal feedback from students to study the
effectiveness of the pilot program. The surveys are broken into four distinct categories for
evaluation. The categories are: peer evaluation survey, team performance survey, IPD/BIM and
technology survey, and general course feedback survey. The metric used for all surveys follows a
5 point Likert Scale where 1 is strongly disagree, 3 is neutral and 5 is strongly agree. For brevity,
only the team performance and IPD/BIM technology surveys for both years are included in the
discussion that follows.

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, and Task Cohesion (Holland et. al 2010). The results
of this full survey were only collected for year 2 of the pilot and can be seen in Table 1 where
they are broken down by team and also by discipline for comparison. The IPD/BIM technology
survey was developed such that there are ten questions to measure the student’s response to the
Integrated Project Design / Delivery Process and eleven questions to measure response to BIM
technology. Table 2 results represent a few selected questions from the survey that were
determined to be the most relative to the evaluation of the deliverables from a learning and team
approach. The format for Table 2 for teams is team number (T#) and Year number (Y#).

Table 1: Team Performance Survey Results for Year 2 (mean averages)1

Team 1 Team 2 | Team 3 | Struct. | Mech. | L/E | CM

Team Vision 445 4 4.75 4.27 4.67 4.2 4.47
Participative Safety 4.2 4.55 4.5 4.47 4.53 42 | 447
Support for Innovation 4.3 4.4 4.45 4.67 4.33 42 | 433
Task Orientation 4.19 4.25 4.63 4.83 4.25 425 | 4.08
Task Cohesion 4.17 4.67 4.67 4.78 4.44 422 | 4.56
Overall Mean 4.26 4.37 4.60 4.60 4.45 421 | 4.38

Table 2: IPD/BIM and Technology Survey for Years 1 and 2(mean averages)”

T1Y1 | T2Y1 | T3Y1 | T1Y2 | T2Y2 | T3Y2

It was easier to design using IPD - - - 3.5 3.75 | 3.75

Early understanding and agreement on workflows is critical
- - - 4 4.75 3.5
to successful IPD

Understanding of “lead/lag” and interdependency is critical to ) ) ) 45 475 45
successful IPD

Using IPD I gained a new understanding of other disciplines - - 4.5 4.75 4.5

Creating and sharing a BIM was relatively easy 2.75 4 2.5 3 3.5 3

Our actual workflows turned out to be similar to our plan 2.75 2.25 2.5 3.5 2.5 3
BIM improved the coordination and quality of our design 4 425 | 4.25

Using BIM increased the productivity of my time 3.25 3 2.25 3.25 3.25 3.75

The team performance survey results show that the pilot program is working effectively
as an integrated team working towards a mutual goal based on the mid to high scores (4.26-

! For teams all have an n=4, for disciplines all have an n=3, all values are means unless noted otherwise.
2 For teams all have an n=4, all values are means unless noted otherwise.
The values listed are an average of the four disciplines response to the question listed.
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4.60). A particularly interesting aspect is that Team 1 and Team 3 made it to the final practitioner
presentation and they have the highest and lowest average. The highest average was an expected
result. The reason for the success of the lowest average team is attributed to the fact that Team 1

had a much stronger technical competency as compared to Team 2.

The IPD/BIM and technology survey was distributed at the end of the spring semester
only, resulting in students summarizing a year’s worth of reflections. The results vary
considerably from question to question. This is likely accounted for by the semi-subjective
nature of the questions themselves and how they are interpreted. Looking at the results from the
survey we can see that both BIM and IPD did not increase the productivity and make the
individual design easier as a result of having to compromise with other team members on design
decisions. All teams responded agree to strongly agree that knowledge of work paths and the
lead/lag of a design with multiple disciplines is critical to success; this is often left out of
engineering education and first seen in practice. A particular note of interest is that the first year
had, primarily, lower scores for model sharing as compared to the second year. This result has
been attributed to the file size, complexity and format of the models. Year two had a much
smaller building and base models to start with, and also received more training with BIM related
software, a direct result of feedback collected from the first year students.

Upon completion of the two sets of final presentations and in addition to the survey
results, verbal and written feedback was collected from each team and the jury members. The
feedback from these sessions describe the positive aspects of what is working, what
improvements can be made to better the educational experience, and what has not worked. This
information is discussed below and will be used to enhance the third offering of the course.

6.1 Faculty Feedback and Comments

= The quality of the work, level of integration, and overall accomplishments exceeded
expectations of all faculty present;

= Faculty time for the course administrators increased, rather than decreased, as a direct
result of the many group and individual tasks to be managed;

= Student goals were centered on the team and aimed at providing a better end product for
the owner; and

= Students learned by cooperation and coordination in a manner similar to what occurs in
industry practice.

6.2 Practitioner Feedback and Comments
= Practitioners nearly unanimously recommended giving serious consideration to making
this a requirement for all students;
= Acknowledged that the unbalanced numbers of students in the all options of the general
class population will make it difficult to assemble teams if all students are required to
participate;
= Students should be exposed to current BIM technology, planning and information
management techniques and discipline specific software; and
= Practitioners acknowledged evidence that the student teams were well aware of the
standard deliverables needed between disciplines as a part of the BIM process and that
such knowledge would be a valuable asset when the students arrive in industry.
6.3 Student Feedback and Comments
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= Felt pilot course gave those involved a chance to see firsthand how an integrated project
team works together and achieves a common goal;

= Felt the overall experience made them more marketable to the profession during the
search for their first full time position;

= Every student stated that if given the chance to participate in the pilot program again,
they would;

= Students recommended having the other BIM team course (BIM Architecture Studio) be
a prerequisite for this course;

= Noted that there is a misalignment between certain discipline requirements in regards to
what the teams should be working on from a technical perspective as compared to
keeping technical content the same as the individual capstone course; and

= Commented that, in the list of deliverables for technical reports and presentations, that a
more specific set of guidelines of expectations should be provided. And, requested that
more suggestions from faculty on team collaborative design areas that are innovative be
provided.

Overall, positive atmosphere and feedback demonstrates that all three groups are in
support of the pilot and how it is shaping the students to engage in team activities. The industry
was particularly happy with how the students were creating very integrated designs while also
experiencing some of the struggles that the practitioners themselves face from a technology
standpoint. Feedback also points out some of the continued struggles with implementing a pilot:
some students wanted more direction or guidance in how to begin tasks while others felt like
they were doing unnecessary work, more related to the current individual capstone course. It has
been confirmed that for this capstone pilot the faculty required involvement and time has gone
up, including issues related to common scheduling times to meet and discuss projects. Overall,
despite the remaining roadblocks, it has been concluded that the pilot produces an excellent
capstone featuring cohesive and comprehensive team projects.

7. MOVING FORWARD AND THE THRID YEAR
Reviewing the results from the first two years shows trends and results are similar between the
two offerings, with improvements noted in the second year. Overall, the team aspect and
function of the course is effective in exhibiting the desired outcomes. The development of the
assignments around a building that has already been fully designed, and in one case fully
constructed at the time of the program, is confirmed as an effective tool in student learning.
Assignments used are appropriate to achieve the desired objectives

This format, however, may limit aspects of creativity and freedom to explore trial designs
from scratch to mimic the initial process of system comparison for selection. To try and
incorporate this aspect of the design process, the third year of the pilot program is going to
explore a slightly different direction. The direction chosen will be framed around a project where
the students will be given the architectural model/design at the Design Development (DD) level,
with limited existing engineering systems information. Each team will begin the design from that
start in the fall semester. As a result, a secondary goal is to see if such a model is capable of
producing results that will correspond to the design curve shifting as mentioned previously. To
educate the students on how initial system selection occurs, the actual project team for the
chosen building has agreed to give lectures and seminars on the primary disciplines including
what considerations and tools are used in selecting systems.
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8. RECOMMENDATIONS FOR INDUSTRURY AND ACADEMIA

Based on the feedback from the integrated collaborative team capstone thus far, it is believed that
the pilot capstone model is an excellent tool in training young engineers. Based on literature
reviews, it is noted that many in academia are still hesitant to adopt BIM and IPD practices into
their courses. Our experience to date demonstrates that industry is urging academia to continue
to move forward in this manner. To date, this pilot program has incorporated multidiscipline
teams in a capstone project and generated many positive results, including team based and
technology based skills. The authors feel the teaching model and lessons learned can be applied
to fit a variety of other capstone courses customized to individual institutions and departments.
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Abstract

Building information modeling (BIM) is changing how facility owners approach the design,
construction, and operations and maintenance of buildings. Changes in each of these areas
have created a need by industry for professionals who are adept at working in the BIM
environment. Educators at institutions of higher education have responded and are now
introducing BIM into the curriculum for design and construction. However, BIM has
[frequently emerged in a curriculum through a technology course in which it was a software
application to replace traditional CAD software. This ad hoc approach often focuses more
on training for skills development and overlooks education for ‘learning’ objectives.
Changing curriculum to include BIM can be a challenge on many levels and is complicated
by the fact that BIM is both a tool and a methodology. As a tool BIM is a software solution
that extends far beyond traditional graphic software to include detailed facility information.
BIM, the tool, supports collaboration as a single repository for information about a project.
As a methodology BIM involves collaboration between stakeholders across all phases of a
project lifecycle. BIM presents a new approach to doing business in a mature industry, which
in turn has made evident the need to revise traditional business processes. The purpose of
this paper is to establish a framework for the design and delivery of curriculum that aligns
with the concepts of BIM as a tool and methodology. To support the framework for
curriculum design, this paper proposes a set of fundamental skills and knowledge necessary
to participate in the BIM environment. The set of skills and knowledge presented transcend
traditional lines between disciplines of the built environment.

Key Words: BIM instruction, BIM curriculum, BIM education

1. INTRODUCTION

There is no doubt that Building Information Modeling (BIM) is changing the way facilities are
designed and constructed. As industry evolves from traditional processes, higher education must
also evolve it is to meet the needs of students and prepare them for careers in the
Architecture/Engineering/Construction (AEC) industry. Rather than a controlled gradual
evolution, BIM entered the arena of higher education with a bang. As a result BIM curriculum
across university programs vary from the basic software skills to advanced integrated team
experiences.

The literature on BIM curriculum is limited and while there is still much research to be
done about the state of BIM in education, the studies completed to date have found a common
element. The common element is the fact that BIM curriculum is inadequate and is often
inconsistent with the needs of industry. (Sabongi, F.J. (2008), Taiebat & Ku, 2010). This
finding is important and raises questions about what students should be learning from BIM
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course work and how it should be designed to ensure it is adequate and more consistent with
industry experiences. Additional findings may provide some insight and guide educators in their
design of BIM curriculum. For example, research has also focused on what construction
companies are looking for in graduates with regards to their level of BIM skills and knowledge.
Results from this area of research reveal that the majority of companies seek to hire university
graduates who possess both a broad conceptual knowledge of BIM in addition to relevant
software skills. The ability of employees to perform constructability reviews, visualization of
alternatives, cost control analysis, and model based estimating were the four areas that ranked
highest in the immediate and near future for the companies’ utilization of BIM (Taiebat & Ku,
2010). This study provides valuable insight into industry’s needs. Converting this data as a
needs analysis provides guidance for educators to define learning goals and the design of course
work for BIM curriculum. When designing curriculum it is important to keep in mind that
training students on BIM software must be supplemented with education. This is critical because
training only teaches people how to do, while education teaches people how to think (Smith,
D.K. & Tardif M., 2009). Professionals in the 21* century AEC industry must be able to think
and solve complex problems. The education component in BIM should be about how to change
and improve traditional business processes to accomplish these tasks.

In addition to the conceptual knowledge and skills’ development identified by industry as
important to BIM curriculum, the National BIM Standard (NBIMS) (National Institute of
Building Sciences, 2007) definition of BIM provide additional guidance in its definition of BIM.
NBIMS defines BIM as “...a digital representation of physical and functional characteristics of a
facility. As such it serves as a shared knowledge resource for information about a facility
forming a reliable basis for decisions during its life-cycle from inception onward. A basic
premise of BIM is collaboration by different stakeholders at different phases of a facility to
insert, extract, update or modify information in the BIM process to support and reflect the roles
of that stakeholder...” (p. 21). Embedded in this definition is the concept that BIM is both a
methodology and a tool.

The first steps in designing curriculum are to identify a need along with an analysis of the
learner and context for learning (Morrison, Ross, and Kemp, 2007). The research focused on
industry needs and the current state of BIM education mentioned previously in this section
provides the foundation for the framework proposed in this paper. NBIMS provides a lens
through which educators must look at BIM education — methodology and tool. The goal of the
framework proposed in this paper is to prepare students for a career in an industry that utilizes
BIM for improvements across the lifecycle of a project. The following sections discuss the
theories, strategies, and perspectives utilized in the development of the proposed framework for
the design and delivery of BIM curriculum. The framework is applicable to all disciplines of
study within the AEC domain.

2. BACKGROUND

The framework presented in this paper is theoretical and is considered prescriptive instead
descriptive. Prescriptive theories it propose a way of doing something as opposed to just
describing why something is a certain way (descriptive theory). The framework proposed in this
paper is proposed as an outline for the design of BIM education. The theories and strategies
referenced for the framework are found in the literature from the domains of education and
business. References included from the education literature specifically focus on instructional
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design and curriculum development. The education literature also provided the basis for learning
outcomes around technical knowledge in BIM education (Smith & Ragan, 2005; Morrison, Ross,
& Kemp 2007). In particular, Gagne's (1985) theory of learning outcomes guided much of the
development in this area. References included from the business literature focus on teamwork
and collaboration, basic requirements for working in BIM (Gladstein, 1984; Hoegl &
Gemuenden, 2001, NIBS, 2007).

2.1 Declarative Knowledge

Gagné (1985) classified learning outcomes in five categories: declarative knowledge,
intellectual skills, cognitive strategies, attitudes, and psychomotor skills. The first two of the five
categories are included in the proposed framework — declarative knowledge and intellectual
skills. Declarative knowledge is described as “knowing that something is”. Declarative
knowledge provides the basis from which students can learn higher-order, more complex
objectives. Declarative knowledge requires students know the facts about a topic and be able to
recall from memory the facts correctly. Although declarative knowledge is a simple learning
objective, it is appropriate for learners new to a discipline from which they can build discipline
specific intellectual skills.

2.2 Intellectual Skills

According to Gagné (1985) an individual’s intellectual skills’ set includes four types: concepts,
principles, procedures, and problem solving. In general, intellectual skills are typified by the
application of rules to previously unencountered examples within an area of study. Following is
a description of each type of intellectual skills. The first type is concepts. Concepts may be
concrete or defined, but either way they help learners simplify the world. A students’ acquisition
of concepts allows for categorizing information into groups. The next type of intellectual skill is
principles, which are often referred to as relational rules that can be expressed in the form of “if-
then” statements. Relational rules help learners predict, explain, or control circumstances in the
environment by describing either natural or volitional responses to those circumstances. The
fourth type of intellectual skill is procedures and they prescribe certain steps that should be taken
to complete a task. Procedural knowledge is “knowing how” to complete a task. The final type
of skill is problem solving and it refers to a learned capability involving selection and application
of multiple rules. Intellectual skills are hierarchical and build on each other (Smith & Ragan,
2005).

2.3 Integration Skills

Integration skills are the set of skills often referred to as ‘soft skills’. Included in this set are
interpersonal, teamwork, and collaboration skills. Teams are social systems that collaborate on a
common task and are embedded in a particular context. BIM provides a platform for
collaboration and is expected to occur between stakeholders (NIBS, 2007). The definition for
collaboration used in the framework comes from the small group/team research in the business
management domain (Lovelace, Shapiro, & Weingart 2001; Gladstein 1984; Hoegl &
Gemuenden 2001). 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. For collaboration team members must first have interpersonal skills
to relate to other team members and identify with the team (Keyton & Beck, 2008). Teamwork
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can be evaluated in a number of ways however for the purposes of this paper it is evaluated in
terms of six aspects that impact the quality of a team’s performance. The six aspects are
communication, coordination, balance of member contributions, mutual support, effort, and
cohesion. Each aspect is considered tangible and can be measured to evaluate teamwork based
on the quality of interactions within the team (Hoegl & Gemuenden, 2001 study is drawn from
the small group/team literature in the business domain

3. Framework Design
Figure 1 displays the framework for the design BIM instruction or curriculum. The framework is
applicable for course or curriculum design and includes four primary elements:

temporal
situation
outcomes
approach

The three levels in the framework establish the temporal elements. Across the top of each box is
a label for each level of instruction. A level may be at the course level or program level. Each
level represents a hierarchical progression either through coursework or curriculum therefore
instruction begins at level 1 and progresses through level 3. The framework design assumes
BIM is an integrated component of the curriculum or course. For clarification purposes,
integration in this context implies that BIM is woven into the core of the students’ education and
is not relegated to technology courses outside the discipline context.

Below each level label is the situation in which instruction occurs. Here the term
situation refers to the context for learning and is designated as either a discipline specific or
multidisciplinary context. Following Gagné’s work on learning and the small group/team
research, the situation boxes list the outcomes. The outcomes are the result of learning and
include: 1) declarative knowledge, 2) intellectual skills, and 3) integration skills. Situating the
instruction for skills and knowledge within a single discipline or across disciplines facilitates
building core technical competencies. Findings from studies about the characteristics of high
performing teams reveal the importance of task-related knowledge for team success. In
particular, task-related knowledge at the individual level impacts a team’s performance (Ericksen
& Dyer, 2004; Hackman, 2002).

Below the situation boxes is a box labeled ‘Approach’ in which two separate boxes
reside. The approach represents the delivery component for the framework. Delivery of
instruction for learning methods to work in BIM will look much different than the delivery of
instruction for learning the tools. As discussed earlier, companies are looking to hire recent
graduates that comprehend BIM as both a methodology and as a tool. As such, BIM course
work and curriculum should include instruction on both the methodology and the tools at each
level. Following the framework then would increase knowledge and build skills about the
method of working in BIM and tools for production in BIM. Consequently the methods and
tools must be included at each level and this concept is represented with a direct line from the
approach box to each level box.
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Prescriptive theories are useful for designing instruction and the proposed framework
presented in this paper is representative of this type of theory (Reigeluth, 1999). The next
section discusses the limitations and need for further research on this subject.

Course or Curriculum

Declarative Knowledge Intellectual Skills Integration Skills
Discipline Specific Discipline Specific Multidisciplinary
Facts Concepts Interpersonal
Principles Teamwork
Procedures Collaboration
Problem Solving

Methodology Tools

Figure 1 Framework for BIM instruction

4. DISCUSSION AND CONCLUSION

As previously mentioned the framework presented in this paper is in the proposal phase. It has
yet to be applied or tested. To do so, future work is needed in the development of metrics to
measure the framework’s success. First step however is to identify the metrics to assess the
learning outcomes for students receiving BIM instruction following this framework. For
example, one metric might be to assess the comprehension of methods and tools from results of
on-the-job applications. Challenges in furthering the work on this framework include variations
in individual epistemology and teaching pedagogy.

While this paper focused on application of the framework to the higher education, it is
not limited to higher education. The framework may also be used for organizational training and
development as its application extends across disciplines and users within the domain of the built
environment. The need for professional architects, engineers, and constructors capable of
working in the emerging BIM environment is increasing. It is the job of educators to prepare
students to meet this need.
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Abstract

This paper summarized the author’s first-year experience of introducing BIM as a brand new
ingredient into the Construction Management (CM) curriculum at Georgia Southern University
(GSU). The goal, as determined by the department administration, was to reinvigorate a long-
established CM program by keeping it up with the most recent industry trends, and better
prepare the CM major graduates for an unprecedentedly competitive job market. The flexibility
that the department gave the author in regard to designing the first-ever BIM course at GSU was
remarkable and the supports from the whole faculty and affiliated academic units were
tremendous. Literature of other successful CM programs were researched and referenced. The
course schedule and activities were discussed, and the learning outcomes were assessed through
student surveys, course evaluation, faculty interviews and general departmental feedbacks.
Future improvements and action plans were also discussed.

Keywords
BIM, Construction Management, Course Schedule, Learning Outcomes

1. INTRODUCTION

As building information modeling (BIM) steadily replacing CAD as the new paradigm in the
AEC industry, its pervasiveness in the academia seems to be only a matter of time. In 2005,
Rundell had already discussed BIM as a conducive pedagogical tool to broaden students’ vision
and improve their learning outcomes in architectural, engineering and construction disciplines.
Nevertheless, Sabongi and Arch (2009) conducted an exploratory study to which 45 out of 119
Associate School of Construction (ASC) member schools responded. The study reported that less
than 1% of the respondents’ programs taught BIM as a stand-alone class, and only 9% had
addressed BIM in their curricula. Obstacles that hinder the integration of BIM into the
Construction Management (CM) curricula were identified as the following:

Difficulty in increasing volume of the existing curriculum;

Student concerns on more course loads deferring graduation;

Extra working loads for faculty to develop new curriculum;

Availability of appropriate course materials, e.g. textbooks for proposed new BIM
curriculum.

The slow infiltration of BIM in CM programs is exacerbated by the plummeting economy and a
less motivated industry environment. On the other hand, strong programs like Auburn, Florida,
Georgia Tech, Penn State (Autodesk 2011) and USC are still able to flourish and take the
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leadership, attributed to factors such as long-established reputation, academic intellectual
strength and affluent investments put into the BIM education of these institutions. While for the
vast majority CM programs in the country, it is challenging to utilize the limited resources to
establish the BIM culture into their curriculum. This paper summarized the experience of
improving the CM curriculum with dedicated BIM class development in a second-tier national
university. The difficulties encountered, the lessons learned and some of the strategies adopted
may be of value to peer programs that are in the similar process of integrating BIM into their
curriculum.

2. BACKGROUND

Georgia Southern University (GSU) is 2" tier national university located in Statesboro, South
Georgia. While it is only about 50 miles away from the famous historical City of Savannah,
Statesboro is barely known as a rural farming area. Nevertheless, impacts of the university on
local community are significant: the whole city’s economy counts on the expansion of the
university, so do construction activities. The construction management program at GSU is
accredited by American Council for Construction Education (ACCE). Before the economy fell in
2008, students graduated from this program usually get 2 or 3 job offers secured, and the
enrollment was rocketing to almost 500 in 2007, which was noteworthy considering it only has
the undergraduate degree (Bachelor of Science in Construction Management) conferred. Due to a
much lower tuition and positive industry feedback compared with peer programs in other two
major universities (Georgia Tech and University of Georgia) in the state of Georgia, the CM
program was one time extremely popular and attracted students from all over the state.

Closely associated with local economy, the CM curriculum had a strong focus on
residential construction before 2008. Most students have a family background in residential
contracting, and expect to become homebuilders after graduation. In 2008, the housing market
started crashing, and the program was hit seriously. Fig.1 outlines the trends of student
enrollment in the past 5 years, which clearly shows the recession of the program.
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Fig. 1: Fall-semester enrollment of CM program at GSU (Source: GSU 2011).
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In order to reinvigorate the program, quite a few strategic adjustments have been made over the
last 3 years, highlighted by a program-wide transition from residential construction to
commercial construction. In response to the most recent market trends, green building and BIM
are heavily expected to keep the program updated and stay competitive with peer programs in the
Associate Schools of Construction (ASC). Nevertheless, no substantial change in the curriculum
has been made to accommodate the contents of BIM until the author was hired in fall of 2010.
During the job interview, the search committee and the department chair explicitly referred the
hiring to the author’s background in BIM. A major responsibility of the new faculty is to develop
a dedicated BIM course, meanwhile facilitate the possible integration of BIM in other courses in
the existing curriculum. The department chair anticipated that the new BIM course would
stimulate desired transition of this established program, and produce positive chemistry to boost
the program’s rebounding.

3. COURSE DEVELOPMENT

3.1 Methodology

A Curriculum Committee was founded to steer the endeavors in restructuring the CM curriculum.
The mission of the committee was to review existing courses, assess the needs and core
capacities of the program, initiate necessary changes and accomplish updates of the curriculum.
Quite a few courses were removed and some were consolidated to set aside credit hours for the
new BIM (3 credit hours) and green building (3 credit hours) courses. Noticeably, the
Construction Graphics course was also restructured to accommodate fundamental BIM-based
drafting and graphical communication in lieu of the obsolete hand-sketching.

The committee created a roadmap to foster the development of the new BIM course, focusing on
the syllabus, course schedule, learning outcomes, course delivery, course evaluation and
continuous improvement. The author was also required to attend a series workshops offered by
the Center for Excellence in Teaching (CET) to receive training on course development.

3.2 Contents

The new BIM course is titled as “BIM for Construction Management”. As stated in the syllabus,
the goal of the course is to expose the students to the concept and benefits of BIM, to build up
their modeling skills with cutting-edge software applications, to lead them in model-based
construction analysis and management, and to cultivate their problem-solving skills. The
learning outcomes, following the criteria of the Bloom’s Taxonomy, were set as follows. After
taking this class, the students will be able to:

Describe the concept and development of building information modeling.
Understand the benefits of building information modeling.

Identify and compare mainstream BIM software applications.

Create basic building information models.

Conduct model based analysis.

Evaluate real construction projects and integrate BIM in construction project
management.

Course materials were prepared combining the author’s previous teaching experience at
University of Florida, and relevant curricula provided by Autodesk®, Inc. The course activities as
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planned in the course schedule are organized into various progressive learning modules and can
be illustrated using Fig. 2.

Synthesis
Module

eSustainable design

*BIM and 3D laser
scanning

eCourse project

Design Module

*Model simulation

eConstructability
review

*QTO & estimating

eHistory, concepts &
terminologies

*Benefits, status quo
of implementation

eSoftware skills
*Model creation
practice

Information
Module

Application
Module

Fig. 2: Major learning modules of the BIM course.

3.3 Delivery

The first phase (Phase I) course development was accomplished within one month, right before
the fall semester of 2010. Considering it was the first-ever BIM class in the program, the
Curriculum Committee decided to test run the course as a 4000-level selective (3 credit hours)
for two consecutive semesters (fall 2010 and spring 2011), open only to juniors and seniors that
had already taken the Construction Graphics class.

In the second phase (Phase II), the course was put online in fall 2011 through a WebCT
platform called GeorgiaView. All course materials have been tweaked catering to the unique
online learning environment. Intensive online teaching/learning tools were reviewed and adopted,
including Google Sites/Docs, Wimba Classroom, iSpring, and to name a few. Both synchronous
and asynchronous online teaching strategies were examined. The instructor received $3000
stipend for developing the online BIM class, which was finally part of the compulsory major
curriculum at 2000 level (3 credit hours).

4. COURSE OUTCOME

4.1 Phase I: BIM as Selective in Classroom

The department chair officially announced the new BIM selective class: TCM4090 in fall 2010 to
the entire department, including faculty members, and professionals from physical plant at GSU.
A most advanced computer lab in the department was selected as the classroom for this class,
with 24 desktops running 64 bit Windows”™ 7 OS, 6 GB RAM, Intel® Core™2 Duo 3.4Ghz CPU,
512 MB dedicated NVIDIA GPU, 500 GB 7200 RPM hard drive, and 22-inch LCD monitor. All
machines were preloaded with Autodesk® Revit® Architecture, Structure, MEP, Navisworks®
Manage and EcoTect™ 2011, with educational licenses procured from Autodesk” resellers.

The class met twice a week and 2 hours each time. It was compact in size with 5 students
registered for each of the two semesters. There were also 2 faculty members and physical plant
professionals audited the class in each semester. In the 16-week class period, students were
taught software applications, conducted literature reviews, and accomplished one individual

35





project and one group term project. A broad spectrum of course materials was incorporated in
class including most recent industry publications on SmartMarket reports and Journal of BIM.
Due to the small class size, student participation and enthusiasm were beyond expectation as
evidenced by the following observations:

e Almost each class period lasted more than the planned 2 hours due to students’
willingness to stay for discussion, coursework, and one-on-one mentoring with the
instructor;

e Intensive out-of-class commitment to BIM, as reported by the students that most of them
spend 5 or more hours each week in developing modeling skills, reading BIM relevant
industry news and refining their course projects in their spare time;

e Quick learning and application of knowledge from the BIM class in other courses the
students were taking, including quantity takeoff, estimating, structures, and senior
projects.

The highlights of the BIM selective class were the course projects. An average of 10-hour
independent modeling was reported by students on their individual projects. For the group term
projects, a team spirit was quick formed and leadership skills of students were demonstrated. The
term project was to create the BIM model of the department building — Carruth Building, out of
the original 2-D drawings and specifications, which were first produced in 1959 and modified
due to frequent remodeling over the years. Challenges in print reading, communication cross
disciplines and verification of discrepancies between the real building and the drawings were
almost overwhelming. Couple of students from fall 2010 semester volunteered to be veterans in
the spring 2010 class, and continued working on the project in their spare time. Fig. 3 juxtaposes
the original project documents with the Phase I model of the Carruth Building. The Phase II
model containing MEP systems is pending due to the possible integration of 3D laser scanning
data captured by the surveying class
S e B I,

150" ]u‘[se pl_:,o [%6]_6-0" 24|

Lovernaia [amove

ELoor PULAN
REGEMTS OF THE UNIVE! RSITY SYSTEM OF GEORGA}
ARTS ~ INDUSTRIAL ARTS RLDG.
G EORGIA TEACHERS COLLEGE.
COLLEGERDORD ~ GEORGI A

fuma| LOGAN & W LUAMS 874
i s 5

X-0130-2

Fig. 3: Student work for group term project.

4.2 Phase 2: BIM as Compulsory Online Class

Due to budget cuts, GSU starts to encourage online classes to leverage costs of running campus
facilities. The Center of Online Learning and the College of Education provided relevant training
workshop of online course development and teaching. The BIM online course: 7TCM2333 went
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live on GeorgiaView in fall 2011, and a total of 17 students were registered, more than tripled of
the previous class due to the fact that it had become compulsory.

There are pros and cons of putting the BIM course online. The biggest concern was on how to
ensure the efficient delivery of the hands-on contents in the course. However, with intervention
of online teaching technologies, embedded video tutorials seemed to work just fine for the
students. The fact that they could adjust the learning to their individual paces, and repeat the
process as many as they want is certainly advantageous over traditional offline teaching (Fig. 4).
More importantly, the greatest discovery of teaching BIM online was the participation of the
class. It turned out that some “quiet” students in classroom became extremely active in this
online class, and conversation between each other took place almost effortlessly with the built-in
“Discussion” feature in GeorgiaView (Fig. 5). The online learning environment became
somewhat a comfort zone for them.
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For the course project, recent industry trend shows that standalone BIM is no longer
satisfactory. Cloud computing and the concept of BIM server have enabled model constructing,
sharing and management over public or private clouds. Students also realize that the
multidiscipline nature of the AEC industry makes it almost imperative for them to understand the
network based model collaboration process. The online BIM class provides them a great
platform to mimic that process. Students use Google™ apps such as Google™ Site and
Google™ Docs in communication and documentation management (Fig. 6).
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Fig. 6: Implementation of cloud based tools in TCM2333 course project.

5. COURSE IMPACTS

Within a year, this class brought the program up with the most recent development of BIM.
Through students’ evaluation, their interests in BIM increased exponentially with their learning
experience in this class. The instructor started to get emails inquiring about the class, as well as
encouraging feedbacks from colleagues on students applying BIM skills in their classes. To
further promote the education on BIM, some extra-curriculum strategies were also implemented.
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5.1 Departmental BIM Competition

This competition was open to students in both the Construction Graphics class and the BIM class.
Students were required to build their dream houses using Autodesk”™ Revit”, with prescribed
project requirements and specifications. After the first-round prequalification by the instructor, 6
candidates went to the final stage open to the 10-day public voting (Fig. 7). The 1% and 2" place
were given certain cash prize sponsored by the foundation funds of the department. It turned out
that such a small event engendered unexpected momentum of BIM inside and outside of the
department. The university provost, the dean of the collage and other department chairs actually
visited the competition exhibits. After the competition, the instructor started to get inquiries
about possible external training and consulting with companies on the industry advisory board of
the CM program.

5.2 BIM Internship Program

The eventual goal of BIM education in the CM program is to better prepare the students for a
much more competitive job market. With the apparent impacts of the BIM class, industrial
recruiters made corresponding adjustments. A long-time industry partner of the CM program

sent the instructor recruiting plan on BIM internship. Quite a few companies also approached to
discuss about possible collaboration in future BIM classes including guest lectures and field trips.
At the end of the academic year of 2010, two students were hired as BIM interns for two big

general contractors in the southeast region of the States.

Fig. 7: Departmental BIM competition in fall 2010.

6. CONCLUSION AND DISCUSSION

BIM education at GSU is barely getting started. The number of students that attended the BIM
class remains disproportional to the total population in the CM program. Students still have the
tendency to focus on BIM software applications instead of the BIM facilitated working process.
The online BIM class has quite a few uncertainties, especially on how to bridge the gap between
the teaching resources and the real industrial work environment. More experiments and resources
input are definite desirable.

Nevertheless, the experience gained over this year might offer peer CM programs as a good
reference, especially the holistic education strategy adopted. Classroom tutoring is indisputably
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important but mentoring to change students’ mindsets and the outreaching to the industry for
more pragmatic and best practices are even more critical. Through engagement with industrial
recruiters, BIM education will be much better oriented. With a clearer target, students will be
easier to motivate, and a well-rounded BIM culture can be soon established.
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ABSTRACT

Building information modeling (BIM) brings many benefits to the construction industry
when compared to the traditional approach to design and construction. To properly
prepare students, many schools are introducing BIM in their curricula as a response to the
current and future needs of the construction industry. The aim of this research was to
evaluate the current implementation of BIM and to identify trends in the teaching of BIM
in architecture and construction academic programs. A survey that investigated the
implementation of BIM into existing architecture and construction curricula was sent to
architecture and construction schools in the U.S. The survey results indicated that both
architecture and construction schools either have an interest in or have already
implemented BIM into their curriculum. The majority of the schools expected students to
have a basic knowledge of BIM upon graduation, perceived BIM as important to
industry, and planned to fully integrate BIM into their curriculum. The results show that
more architecture than construction schools implemented BIM into curriculum.
Construction schools were more likely to use four-dimensional (4D) and five-
dimensional (5D) models in teaching construction scheduling and estimating when
compared to architecture schools.

Keywords: BIM, construction, architecture, 3D coordination, Estimating, Scheduling,
Education

1. INTRODUCTION

Nowadays building information modeling (BIM) is the modeling approach of choice in many
leading design and construction companies. To properly equip students with the BIM skills
demanded by the construction industry, many schools are introducing BIM in their curricula and
hiring new faculty based on their expertise in BIM.

The extent of BIM implementation in architecture and construction curricula at universities in
the U.S. has not been fully determined yet. Information about the current state of BIM education
would be helpful to both the industry and to academia. Therefore, the aim of this study was to
evaluate the current implementation of BIM into curricula and to identify trends in the teaching
of BIM in architecture and construction education programs.

2. BACKGROUND

Colleges and universities in the U.S. recognized the need for CAD and began implementing
CAD courses into curricula in the 1980s. Although CAD has been one of the primary design
tools, BIM is becoming more utilized due to its capabilities. Colleges and universities are
restructuring curricula to reflect this change from CAD to BIM. Students do not need to know





CAD to learn BIM; once they learn BIM, they easily extract 2D drawings out of their models.
With the increased utilization of BIM in the AEC industry, its incorporation into architectural
and construction programs has been vital for the advancement and preparation of students.
Students are expected to understand project drawings, quantity take-offs, cost estimating, and
scheduling. One of the largest challenges faculty face in teaching BIM is promoting integration
of different areas within curriculum.

3. METHODOLOGY

A survey was developed to investigate the implementation of BIM into existing architecture and

construction curricula. The survey was made accessible in fall 2010 to invited respondents from

Association of Collegiate Schools of Architecture (ASCA) and American Council for Construction

Education (ACCE) via the online survey tool Zoomerang™. The survey collected the following

information from the respondents:

1) Demographics (number of students, background and position of faculty teaching BIM).

2) Current BIM implementation (number and level of classes implementing BIM, BIM software
taught, scheduling and estimating software taught).

3) Type of BIM implementation (3D, 4D, 5D, 6D, etc.).

4) School’s philosophy of BIM implementation (plan to implement, introduce/become familiar,
fully integrate, etc.).

5) Students’ expected BIM knowledge upon graduation.

6) Perception of importance of BIM to industry.

Responses were received from 43 out of 119 US ASCA institutions surveyed (36% response

rate) and from 38 out of 70 US ACCE institutions surveyed (54% response rate).

4. RESULTS

4.1 Demographics
A majority (82.5%) of the respondents from the construction schools and about half (51%) of the
respondents from the architecture schools stated their school had between 101 and 400 students
(Figure 1).
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Figure 1. Student enrollment in school/department.





The respondents were asked about the position and background of the faculty teaching BIM.
Regarding the position of faculty teaching BIM, nearly half (47%) of the respondents from the
architecture schools stated their BIM faculty held an “Adjunct Faculty” position, while half
(50%) of the respondents from construction schools stated their BIM faculty held a “Tenure
Track Faculty” position (Figure 2). Note that respondents were asked to select “all that apply”
when answering this question.
Regarding the educational background of the faculty teaching BIM, 37 architecture schools and
12 construction schools had BIM faculty with a background in architecture (Figure 3). On the
other hand, 20 construction schools and three architecture schools had BIM faculty with a
background in construction. Note that respondents were asked to select “all that apply” when
answering this question.
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Figure 2. Employment Status of faculty teaching BIM.
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A majority (78%) of the respondents representing both the architecture and construction schools
stated that BIM was implemented into their curriculum. A greater percentage of the respondents
from the architecture schools (67%) than the respondents from the construction schools (53%)
stated their program had a BIM-dedicated course as part of the existing curriculum.
The respondents were asked about the number of classes implementing BIM in their curriculum.
About a third (31%) of the respondents from the architecture schools and a fifth (20%) of the
respondents from the construction schools stated they had one class implementing BIM (Figure
4). Nearly half of the respondents from the architecture schools (44%) and more than a third of
the respondents from the construction schools (37%) stated their program offered two or three
classes that implemented BIM. Seventeen percent of the respondents from the construction
schools and 5% of the respondents from the architecture schools stated their program did not
implement BIM in any classes.
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Figure 4. Number of classes implementing BIM.

Regarding the academic level of the class in which BIM was implemented in the curriculum, 21
construction schools and nine architecture schools implemented BIM in their freshman and
sophomore classes (Figure 5). BIM was implemented in the junior and senior classes at 26
architecture and 27 construction schools. The largest difference was found in the responses
related to BIM implementation at the graduate level. Sixteen architecture schools and five
construction schools implemented BIM in their graduate level classes. Note that respondents
were asked to select “all that apply” when answering this question.

4.2 BIM, Scheduling and Estimating Software Taught

Autodesk Revit was the BIM software taught in the majority of the schools, i.e., in 37
architecture schools and 30 construction schools. Graphisoft’s ArchiCAD was taught in five of
both the architecture schools and construction schools (Figure 6). None of the respondents from
the architecture schools stated they taught VICO as compared to three respondents from the
construction schools. Responses for “other” BIM software taught included Digital Project and
Tekla. Note that respondents were asked to select “all that apply” when answering this question.
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Primavera and/or Suretrack were the scheduling software taught in 64% of the construction
schools and in 13% of the architecture schools, while Microsoft Project was taught in 29% of the
construction schools and 26% of the architecture schools (Figure 7). More than half (59%) of
the respondents from the architecture schools stated that no scheduling software was taught in
their curriculum.

The majority (69%) of the construction schools taught Excel-based software, Timberline
Precision and On Screen Takeoff estimating software (Figure 8) in their estimating classes.
Fifty-seven percent of the respondents from the architecture schools stated that they did not teach
any estimating software. Responses for “other” estimating software taught included Autodesk
Quantity Takeoff, MC2, HCSS-HeavyBid, BSD Building Systems Design, and Quick Bid

software. Estimating software D4Cost or HardDollar was not taught in any of the schools.
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4.3 Type of BIM Implementation

Respondents were asked to describe the type of BIM implementation in their programs. The
respondents were able to select one or more of the following BIM implementation categories:
create models for 3D coordination (3D), implement scheduling into models (4D), implement cost
into models (5D), implement other information into models such as “operations and
maintenance” (6D), “none”, or “other”. Regarding the undergraduate curriculum, more than half





(59%) of the respondents from the architecture schools and more than a third (37%) of the
respondents from the construction schools stated that in their schools BIM was used for 3D
modeling (Figure 9). Half (50%) of the respondents from the construction schools and about one
fifth (17%) of the respondents from the architecture schools stated that in their schools BIM was
used for 4D, 5D, and 6D modeling. Responses for “other” types of BIM implementation
included visualization, simulation, clash detection, value and life-cycle issues, and exploration of
architectural design possibilities.
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Figure 9. Type of BIM implementation in undergraduate curriculum.

Regarding the graduate curriculum, more than half (53%) of the respondents from the
architecture schools and about one fifth (18%) respondents from the construction schools stated
that in their graduate program BIM was used for 3D modeling (Figure 10). Nearly half (45%) of
the respondents from the construction schools and about one third (31%) of the respondents from
the architecture schools stated that in their graduate program BIM was used for 4D, 5D and 6D
modeling. More than a third of the respondents from the construction schools selected “none” as
an answer to this question. Responses for “other” types of BIM implementation included energy
modeling and analysis.

A similar percentage of the respondents from the architecture schools (23%) and from the
construction schools (29%) stated that they use BIM models to teach the coordination process.
More than one third (35%) of the respondents from the construction schools and 7% of the
respondents from the architecture schools stated that they used 4D models to teach construction
scheduling. Nineteen percent of the respondents from the construction schools and 10% of the
respondents from the architecture schools stated that they used 5D models to teach construction
estimating.

5. CONCLUSIONS

The response rates to the survey were encouraging; the survey yielded a 36% response rate for
the architecture schools which were ACSA members and a 54% response rate for the
construction schools which were ACCE members. As interest in the implementation of BIM
into educational curriculum grows, schools in the U.S. are restructuring curriculum and hiring
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faculty with expertise in BIM to better prepare students for the growing demand for BIM
knowledge by the industry. There was a wide range in the size of the schools that responded
indicating an interest in BIM which is not limited to large schools. Nearly half of the architecture
schools had BIM faculty in an “Adjunct Faculty” position, while half of the construction schools
had BIM faculty in a “Tenure Track Faculty” position. A greater percentage of the architecture
schools than the construction schools had BIM faculty with a background in architecture, while a
greater percentage of the construction schools than architecture schools had faculty with a
background in the construction.

While a comparable percentage of the architecture and construction schools implemented BIM
into their curriculum, a greater percentage of the architecture schools than the construction had a
BIM-dedicated course as part of existing curriculum and implemented BIM into existing courses.
Nearly half of the architecture schools and more than a third of the construction schools had two
or three classes which implemented BIM. A greater percentage of the construction schools than
the architecture schools implemented BIM at the freshman level, while a greater percentage of
the architecture schools than the construction schools implemented BIM at the graduate level.
Construction and architecture schools are implementing BIM as a response to the industry’s
demands; the majority of schools that participated in the survey expected students to have a basic
or intermediate level of BIM knowledge upon graduation. The majority of respondents from both
the architecture and construction schools felt that BIM was important to industry and that
knowledge of BIM was important in satisfying industry demand.
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Abstract

Virtual Interactive Construction Education (VICE) is a project-based pedagogical model that
uses cyberinfrastructure tools to improve the quality and efficiency of construction
engineering and management education by transforming Building Information Models (BIM)
into contextually rich interactive simulations. VICE is a research program with project
modules designed to transform undergraduate construction education by institutionalizing an
advanced, virtual, and interactive web-based undergraduate construction education program.
The interactive web-based bridge module, being completed as a result of funding from the
National Science Foundation, will provide evidence-based support for developing a complete
set of modules to replace the traditional subject-based lecture series with a project-based
curriculum for an undergraduate construction degree. Project-based learning is proven more
likely to meet educational objectives when compared to traditional lectures. The purpose of
the current research is to place students in the full context of running a construction project
through a computer generated simulation or serious game. The simulation is comprised of
three main interacting engines — a learning engine, an evaluation/guidance engine, and a
consistency engine. BIMs are domain knowledge repositories containing fact modules and
factoids that can exchange information with these engines to create the simulations. The
simulations use scalable deductive synthesis to formulate situation-specific solutions by using
automated reasoning techniques on domain facts and fact components. These are codified
using first-order logic extended with arithmetic, recursion and expert-supplied explanation
tags. A web-based intranet exchange collects player profiles and level of construction
knowledge to measure differences in proficiency and learning rates between groups based on
gender or class standing. Players self-select a level of complexity and are scored by cost and
schedule parameters. Lifelines and help from Oracles and consultant lesson modules are
available to the player at a premium. The ultimate outcome is a project-based simulation
curriculum for construction education that replaces the tradition subject-based curriculum.

Keywords: Interactive, BIM, Project-based, Simulation, Construction

1. INTRODUCTION

Virtual Interactive Construction Education (VICE) is a project-based pedagogical model that
uses cyberinfrastructure tools to improve the quality and efficiency of construction engineering
and management education by transforming Building Information Models (BIM) into
contextually rich interactive simulations. When completed, the VICE program with multiple
construction modules, will transform undergraduate construction education by institutionalizing
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an advanced, virtual, and interactive web-based undergraduate construction education program.
Project-based learning has proven more successful at meet educational objectives when
compared to traditional lectures. The purpose of the current research is to educate students using
computer generated simulations or serious games using models derived from actual construction
project. There are three interacting engines in this process — a learning engine, an
evaluation/guidance engine, and a consistency engine.

BIMs are repositories of domain knowledge containing fact modules and factoids that can
exchange information with these engines to create the simulations that place players in the full
context of a construction project. Situation-specific simulations are formulated using scalable
deductive synthesis with automated reasoning techniques on domain facts and fact components.
The simulations are extended with arithmetic, recursion and expert-supplied explanation tags
using first-order logic. Player profiles and self-reported level of construction knowledge are
logged using a web-based intranet exchange to track and measure level of proficiency and
learning rates. Players can select different levels of complexity and are scored using cost and
schedule parameters. Players are charged a premium for lifelines, help from Oracles and
consultant lesson modules.

2. LITERATURE REVIEW

Contextually rich interactive simulations have proven effective at improving skills and safety in
surgical skills (Kneebone, 2003; Gorman et al., 1999), training anesthesiology (Abrahamson et
al., 2004) and laparoscopic and cardiovascular techniques (Issenberg et al, 2008). The Army
trains this new generation more efficiently using simulation games (Walker, 2009). Active
project-based learning in construction education will more likely meet educational objectives
than traditional lectures according to Betts and Liow (1993). Ndekurgri and Lansley (1992)
found that the linear fragmented nature of traditional teaching methods in construction allow no
opportunity for learning the holistic nature of project management in construction. Van Eck
(2006) calls for a practical guide to integrate games into the educational process to maximize
learning.

Project level simulations in construction management date back to 1957 with the
development of Program Evaluation and Review Technique (PERT) later followed by the
Critical Path Method. These simulations found their way into the construction classroom in the
1980 because of the availability of computers. Other simulations were also being developed like
CONSTRUCTO (Halpin, 1976) and CCS (Borcherding, 1977). Harris and Evans (1977) focused
their simulation on line-of-balance scheduling for road construction.

Operations level simulations include Cyclone and Micro-Cyclone (Lluch and Halpin, 1982;
Dabbas and Halpin, 1982), ICONS (Pilcher and Flood, 1984), INSIGHT (Paulson, Chan, and
Koo (1987). Others focused specifically on subjects like contracting (Dudziak and Hendrickson,
1988), bidding (AbouRizk and Sawhney, 1994) and progress and controls (Rounds et al., 1986)
Simulations with broader education objectives including design, specification reviews and
scheduling were developed by Veshosky and Egbers (1991) and Superbid by AbouRizk (1993).
Internet applications include Interactive Construction Management Learning System (Sawhney,
et al., 2001), MERIT (Wall and Ahmed, 2006), CONSTRUCTO (Veshosky and Egbers, 1991)
and virtual coach (Rojas and Makherjee, 2005 and 2006; Rojas, 2006).

Building information models (BIM) have been used for training in a number of applications.
Goedert and Meadati (2008) investigated the integration of data collection for educational
purposes in the construction process through the BIM. Cho et al. (2010) investigated automation
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and robotics (Cho & Youn, 2006) in BIM. Nicholic et al (2011) developed Virtual Construction
Simulator to create and review construction schedules using BIMs.

3. METHODOLOGY

VICE is s project-based pedagogical model that relies on actual geometric, cost, schedule and
other project data to develop an optimal solution set. The scope of the current work is to build a
small number of project based simulation that will be tested for level of student engagement and
levels of learning acquired. The bridge module (Figure 1) is currently being funded through the
National Science Foundation while the residential module has received some seed funding from
FIATECH and some internal sources.

Configuration Equipment Human Resource Cost Duration Consultant Help

> Start M Stop Next Previous $0 -~ DAYS

e 24
This simulation requires you to make decisions necessary to construct a single-span bridge. The objective of the game | a
is to optimize the price and duration of construction. Learning specifically about decking materials for bridges, Earned |

Figure 1: Bridge Module Opening Page

Play starts after a player develops a profile that includes demographic information and
self-reported level of construction knowledge. They select a level of complexity and are scored
based on cost and schedule. Proficiency of learning is measured by length of time to master a
concept, number of attempts, and number of consultant hits. The player is allowed help from
Oracles or consultant lesson modules at any stage but is charged a premium.

3.1 Story Line

The first step is to rank order the work breakdown structure (WBS). Solution sets include
infeasible, sub-optimal and feasible. Infeasible solutions force the player to “Ask the
Consultant”. Sub-optimal solutions may take more time and money but are allowed to proceed.
Feasible solutions are the optimal path as determined by the module developers from the actual
project data. These solution sets are formulated with automated reasoning techniques on domain
facts and fact components derived from the BIM or other geometric models and the project
database or expert opinions. Each situation specific solution set is simulated using methods
described later in this section. The work breakdown elements are shown in Figure 2. The player
can select a component to gain more knowledge prior to selecting the order of construction for
each component.
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Once the WBS is established, play moves on to process-level decision making related to
individual construction activities like equipment selection, crew size and makeup, material
orders, etc. Equipment cycling, productivity and safety learning

O

segments are built into the

Figure 2: WBS Elements

module. For example: the player may select from a range of crane options for pile driving and be
allowed to select one capable of driving the piles that is not able to reaching across the river.

This would require remobilization to the other side at an additional cost. Crane loading learning
segments and productivity information from manufacturers are available to the player. Model
selection at this stage could be based solely on capacity and reach appropriate for pile driving,
however, the optimal crane for the project may be one large enough to accommodate setting the
precast concrete beams later in the project. If the smaller unit is selected there could be
additional mobilization and demobilization costs associated with this decision.

VICE requires manipulation of geometric information from actual projects to create
animations and simulations from a BIM or other modeling software like Sketchup. The cost,
schedule and project data are used to develop realistic scenario modeling loaded with any
number of management issues arising during actual construction. Most of the necessary project
information is available in a thorough BIM. Scenario building is driven by daily progress reports,
photos and other data like weather reports. Delays due to unforeseen conditions or other
unplanned events are built into the more advanced features for experienced constructors.

3.2 Graphics and Database Exchange

There are two projects currently under development: a small residential house and a single span
bridge. REVIT was used to model the residential project and project data was collected during
the construction of an actual energy efficient house. The geometric model for the bridge was
developed in Sketch-up while the cost, quantity and schedule data was collected from the
department of roads database. The transfer of geometric data from Sketch-up and REVIT to
Autodesk 3DS Max was indirect.

The Google Sketch Up file was transferred to Autodesk 3DS Max. using a .skp version7
file format. Version 8, the most current version is currently incompatible and attempts to save
will result in a prompt to save to the compatible version. Once 3DS Max 2011 is open, the upper
case logo in the upper left corner which is the “File” tab can be expanded. The SketchUp file is
opened by selecting “Import” from the drop down menu. A dialog box will allows you to select
the appropriate model. A smaller dialog box asks you to check any or all of the following

9% ¢

options: “skip hidden objects”, “cameras”,” daylight system”, and “split objects by layer”. It will
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also prompt you to determine a location to extract hidden textures. Selecting the default option is
normally most desirable. If you interrupt the time it takes to execute the command your changes
may not be saved. Once the file has been successfully imported into 3DS Max, modifications
may be necessary before developing animations. Modification may include: assigning materials
to imported objects, adjusting lighting and light fixtures, moving / modifying objects, and
placing cameras to the newly created scene.

The Revit file must be exported into Autodesk 3DS Max in an .fbx file format using the
Reload feature. Other file formats may not accurately transfer objects, textures, day lighting or
colors correctly. There are some interoperability issues that must be considered when
transferring information using the file link manager. A three-dimensional design can be
graphically rendered as points, lines and polygons if necessary. However, any number of
attributes may not transfer accurately.

3.3 Platform, Interface and Interactions

The final platform of the VICE project will be Adobe Director 11.5. The other option was to use
Adobe flash CS5.5. Both tools can be used to create powerful, rich applications. But Flash is less
capable of handling 3D models compared to Adobe Director. Flash does not have a built-in 3D
engine. Therefore, it handles 3D through other third party 3D engines like Papervision 3D, Away
3D, etc. All these external 3D engines have issues in importing 3D models created using other
3D modeling software (e.g. Google SketchUp) into Flash. One of the main issues is that the
texture and lightning does not get imported with the model. On the other hand Adobe Director
11.5 has native 3D rendering including openGL and DirectX9. The main advantage of using
Adobe director as the main platform for the VICE project is that the included NVIDIA®
PhysX™ engine that can be used to add advanced dynamic motion and realistic interaction to the
game. Another advantage is the availability of Google SketchUp importer in the version 11.5 to
import the 3D models from SketchUp. In addition, version 11.5 supports more than 40 image
formats that include most of the video formats available today that may be incorporated as
learning segments or animations.

Game-based training systems, such as VICE, usually support a number of game
stories with varying game objectives. For example, an objective of the game story in VICE
Residential is to construct a house with a given set of requirements while making optimal use of
available resources such as cost and time. One objective of VICE Bridge, another game story
described in this paper, is to construct a single-span bridge making optimal use of available
resources while working within constraints like safety standards and remote locations. Players
can customize the game objectives in these systems for a more targeted training experience.

In each play session of a game-story, a player (or a team) chooses roles (e.g.: laborer,
construction supervisor, project manager, etc.), selects degree of difficulty (e.g.: novice, medium,
expert), learning modes (e.g.: supervised, unsupervised) to start playing. Each play session
consists of players interacting with a sequence of visual media-rich scenarios to achieve the
chosen objectives. Similar to other popular video games, there is no explicit adversary in these
game stories. The player’s response to each scenario is scored based on the contribution towards
achieving the objective at hand. Cumulative scores obtained at the end of a play session rates a
player's performance in that session.

VICE codifies domain knowledge in a knowledge base consisting of i) a set of
knowledge components with enabling pre-conditions and effects specified by post-conditions,
and ii) a knowledge map describing the interdependency between the knowledge components.
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Each game story is modeled as a problem solving activity. The feasible solutions to each
problem are limited to those that can be built using the available knowledge components. These
solutions are stored in the form of a template called a solution plan, a sequence of play
situations. User responses are used to move from one play situation to the next. In each play
session, based on parameters, a solution plan is first extracted from the knowledge base by
identifying the initial and final situations for the problem at hand. Each extracted plan is
customized based on values of the parameters such as the learning modes, player roles, to create
what is called an actionable solution plan (s). An actionable solution plan annotates the solution
plan with all possible responses that a player may provide to move from one situation to the next
one in the plan. Each path in the actionable solution plan from the initial to the final situation
denotes one feasible solution to the problem. All the possible responses connecting any two
situations are ranked in terms of their contribution to the game objectives.

During play, the media-rich scenarios are generated for each play situation, the player
responds to the scenario reaching the next play situation, obtains a score computed based on the
rank assigned to that response in the actionable solution plan. The play session ends upon
reaching the final situation with the final score. To obtain the highest score, a player (team) must
choose the top ranked response in every situation starting from the initial to the final one in the
actionable solution plan.

Note that in systems, such as VICE, that model complex construction projects, the solution
space is too large to obtain the complete solution plan at any single step. Therefore, incremental
planning is accomplished by extracting a partial plan to a certain depth and then extracting the
next plan based on the situation reached at the conclusion of the first plan and so on. Re-planning
is performed whenever user actions deviate from the existing solution plans. This can happen in
certain learning modes wherever user interactions are totally unconstrained.

3. RESULTS

The long term objective of this research program is to replace the subject-based pedagogical
model with a project-based model that puts students in the full contexts of construction project
management throughout their degree. Typically topics are covered in a subject-based
construction curriculum. This proposal is to deliver via a project-based curriculum. The bridge
module will be the first complete module. It will undergo beta testing with a group of students
within six months. Players will make decisions reflecting the actual construction process
including cost and schedule. The geometric and project data are derived from the Department of
Roads database and a SketchUp model. It will be beta tested using a convenience sample of
undergraduate construction students, industry experts, and a group of high school students. The
module will be evaluated on its effect on learning and the potential for implementation in a post-
secondary curriculum.

The geometric information was developed for the residential module in RIVET. This
module will be more extensive evaluated than the bridge module. A single project module cannot
be readily compared with a four year curriculum with any degree of accuracy or reliability. The
residential module can be compared with the full curriculum of a residential program of
community colleges.

BIMs can be very useful in developing the optimal path and scenario modeling in the
VICE modules. However, neither the geometry nor the project data are directly transferable.
There are several issues that prevent the direct transfer of BIM information into VICE including
software compatibility, consistency of data between projects, and the context of information
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needed to build the scenarios. The compatibility and consistency issues could, presumably, be
resolved and allow data to transfer directly to simulations. However, the format for scenario
modeling will always be an issue because of the difference in scope between VICE and BIMs.
Scenario modeling has a number of issues that need further development for realistic animations.
Second life was considered but didn’t have realistic physical rules to constrain the construction
processes. Olive is currently under consideration with robust physical rules. It appears to have
the functionality needed to develop life-like construction animations. The disadvantage is that it
is not open source and the animations would still have to be captured in a format that could be
manipulated within a readily available program.

Another issue is the need for a library of construction equipment animations. In order to
create realistic animations, heavy construction equipment animations must not only move around
the jobsite but also function in a realistic manner. For example, it is fairly easy to show a load
moving vertically as if moved by a crane but more difficult to have a crane swing on its carriage
or the boom to pivot on the crane connection to boom out.

5. CONCLUSION

VICE is in the early stages of development with two of six modules under construction. The
bridge module is the subject of this paper and is scheduled for beta testing in six months for level
of student engagement and levels of learning acquired. The residential module requires
substantial development and will be tested against a full curriculum at the community college
level. BIMs will provide the geometric and project information to develop realistic scenarios and
solution sets that place students in the full context of construction project management. These
project-based modules eliminate the need for traditional subject-based pedagogical model.
Instead, subjects will be introduced as needed to a project-based curriculum. Much work is still
needed for both the curriculum development and module development. Curriculum mapping will
ensure that all topics are covered to meet accreditation requirements. In addition, methodologies
will need to be developed to animate construction equipment and export these animations to the
simulations.
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Abstract

Construction Project Management is diverse in nature and it does not lend itself easily to be pre-
sented in traditional lecture mode using blackboard and textbook readings. In addition, teaching
this material always represents a challenge to the instructor because, for the most part, students
lack experiential knowledge related to the subject. Therefore, there is a need to introduce experi-
ential and group activities to support learning. Over the years, the author has introduced many
features in his courses to create a simulated decision-making environment in which the students
become directly involved in the planning and organization of resources allocated to the design
and eventual construction of a project thus facilitating in this way the acquisition of experiential
knowledge that goes together with learning basic principles and concepts that are fundamental in
learning the subject. Among these features, there is a term project in which groups of students
prepare a schedule and cost estimate of a hypothetical facility based on data taken from the de-
velopment of a real project that was built or is under construction in the WPI campus. The use of
Information technology in the form of visual material recorded from webcams during construction
has facilitated the task of describing and analyzing the construction process. Integrating Building
Information Modeling (BIM) in the form of 4D to the photographic material promises to add a
new dimension that enhances communication and understanding dramatically and produces
quantifiable information.

This paper describes the objectives, implementation plan and expected results derived from inte-
grating digital photography and 4D Modeling in Undergraduate Construction Project Manage-
ment courses in the civil engineering curriculum at Worcester Polytechnic Institute.

Keywords
Building Information Modelling, 4D Modelling, Construction Project Management, Design
Constructability, Digital Photography, Construction Simulation, BIM in Education.

1. INTRODUCTION

The first author has offered the course CE3020 in Construction Project Management for more
than 25 years at in the Civil and Environmental Engineering program at the Worcester Poly-
technic Institute (WPI). The course is designed for civil engineering students with no back-
ground in construction project management. It is intended to provide a basic understanding of
the concepts, principles, techniques, business methods and practices that are regarded central
to the modern management of civil engineering projects. The principle focus of the course is
the management of civil engineering projects. It includes among other concepts planning,
scheduling, organization and control. For the most part as Table 1 shows it, students lack ex-
periential knowledge related to the subject. Therefore, there is a need to introduce experien-
tial and group activities to support learning.

58





None to Low 35% 40% 25%
Low — Medium 45% 39% 32%
Medium to High 15% 28% 30%

Table 1 Percent Distribution on Construction Knowledege and Experience from Stu-
dents Taking the Class over the last three years

From the very beginning in the offering of this course, a term project was introduced to:

- Provide an opportunity to integrate material covered in the course into a more com-
prehensive exercise.

- Expose students to the implications of analysis and decision-making related to con-
struction project management.

- Demonstrate the impact of the design on the constructability of the project.

- Illustrate the use of modern computer-based management tools in the planning,
scheduling and control of construction projects.

This is an exercise conducted by groups of three or two students. It is developed in a span of
six weeks throughout the term. It places the groups in a simulated environment for which the
groups acting as a design-build firm, capable of preparing a lump-sum bid proposal,
competitively bid (against other class groups) to provide professional services for
engineering, procurement and construction (EPC) of a hypothetical facility to be built at the
WPI campus. The preliminary architectural design for the building has already been
developed. The proposal is evaluated in terms of the best combination of cost and schedule,
that is, a schedule that meets the owner’s specified completion date (or earlier) following a
technically feasible sequence of work at the lowest cost. Also, the thoroughness, and
completeness of the proposal document is heavily weighted in this evaluation.

The project gradually introduces material as class concepts are discussed. The concept of the
Critical Path Method is presented in detail using simple example schedules of no more than
15 or 20 activities. Students learn to use basic features of PRIMAVERA software so they can
assemble their networks with the aid of the computer and further learn how to set Work
Breakdown Structures (WBS), activity cost and prepare cost loaded construction schedules.
The first author developed a series of video-tutorials to supplement the students learning of
the project management application software. After midterm, the students are handed a list of
about 100 activities prepared by the instructor and are asked to develop a Critical Path
Network diagram to establish the sequence of execution of the activities shown in the list.
The teams first develop relationship diagrams for groups of activities within the same WBS
category and then develop a relationship diagram for all activities in the project. This project
relationship diagram is used to develop a network diagram using Activity on Node
(Precedence) notation. This is the key part and most challenging submittal for the term
project as the Table 2 (below) shows.

Over the last few years the students have been using actual material produced by the designer
and builder of the Bartlett Center, the new WPI admissions office building completed in
2006, as the basis for the development of their term project. As of 2010, material from the
current construction of the new WPI Recreation and Sports Center has been introduced into
the course. To aid the students in this endeavor, students can view the actual CPM
PRMAVERA schedule prepared by the contractor of the facility containing up to 400 or 500
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activities. They can also look at pictures of the facility taken at different stages of construc-
tion. The contractor is invited to talk to the students and a field trip to the facility is scheduled

Developing a list of activities 26.3%
Creating a sequential schedule (critical path method) 63.2%
Types of costs (overhead, variable, wages, materials, etc.) 10.5%
Cost risk analysis 42.1%
Comprehension of activities 15.8%
Visualizing the logical process sequence 21.1%
Formulating an estimate of final costs 15.8%
Other 15.8%

Table 2 Percent Distribution on levels of difficulty experienced by students on different
parts of the Term Project (Class of 2008)

too. These aids help conscientious students in learning about the project sequence of execu-
tion but it usually overwhelms most of the students with no previous experience, low motiva-
tion or limited time available to spend in this course. The use of Information Technology in
the form of visual material recorded from webcams during construction has facilitated the
task of describing and analyzing the construction process.

2. VISUALIZATING CONSTRUCTION

WPI unique educational system is known as the “WPI Plan” which among others educational
characteristics it features a project-based education (WPI, 2011). As such students perform
three major projects throughout their academic program. One of these projects is called the
Interactive Qualifying Project (IQP) which is equivalent to three courses. Its main purpose is
to develop an understanding of how science and technology are embedded in the fabric of
society. The IQP challenges students to address a problem that lies at the intersection of sci-
ence or technology with society (WP, 2011). Through a coordinated set of two IQP projects
titled Visualizing Construction (Bourque & Marois, 2007), (Jivanjee, 2008) a web-based re-
source was created to aid students taking the CE3020 course. This site uses visualization
techniques to improve the students' understanding of the construction process. It shows the
actual time-lapse videos taken form web-cams during the construction of WPI's admissions
building, the Bartlett Center, so students can observe and study the actual construction pro-
cess as it took place in real life. This resource aids engineering students interested in learning
how to schedule different phases of the construction of a building project. The construction
process was simplified and broken down into phases that could be easily comprehended by
novice users and categorized into twelve major construction steps, from Pre-Construction
through  Close-out. Figure 1 below shows snapshots from this website
(http://users.wpi.edu/~salazar/IQPMustansir/ Website/testsite/homefinall. htm) at different
stages of construction execution of this building. When the student clicks on the video file a
step by step assembly of digital frames allows the student to observe the sequence and time of
execution as well as the site logistics and resources that were needed to complete the project.
Today, WPI students interact with the structure almost on a daily basis and some of them had
the opportunity to observe its construction first hand during 2005 and 2006.

After the prototype website was completed, an on-line survey questionnaire was sent to CE3020 stu-
dents who took the course between 2003 and 2007. The survey collected the students’ views and as-
sessment of the web-site on the basis of ease of use, functionality, effectiveness of visual aids, educa-
tional value, as well as about the value added by this resource in learning class material and in
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executing their term project. The Survey results expressing student's views on the importance
of visual learning and teaching are presented in Table 3 below.

Exterior Wall: 7/10/05

Stel Frame; 6/05/05 Substantial Completion: 6/13/06
Figure 1. Webcam shots showing different stages of construction of

the WPI Bartlett Center
| To what extent do you consider visual input important in improving your understanding of a subject? |
None Some Moderate High Very High Total
0.0% (0) 0.0% (0) 20.0% (4) 50.0% (10) 30.0% (6) 20

Table 3. Student Perception of the Importance of Visual Input in Learning

3. BUILDING INFORMATION MODELING IN CONSTRUCTION EDUCATION

The contributions of Building Information Modeling (BIM) in enhancing the educational
mission of colleges and universities have been widely recognized by now. The BIMForum
academic group identified the educational principles behind BIM related activities (BIM-
Forum, 2007). A recent BIM-related Academic Workshop co-sponsored by the BIMForum
and the BuildingSMART Alliance (Ecobuild, 2010) featured several papers in which BIM
tools and techniques are now being used to aid in the visualization of concepts related to con-
struction education (Clevenger et al, 2010), (Issa et al, 2010 and in particular using 4D mod-
eling to support teaching about scheduling (Hyatt, 2010). Integrating Building Information
Modeling (BIM) in the form of 4D to the photographic material promises to add a new di-
mension that enhances communication and understanding dramatically and produces quanti-
fiable information. The following section describes the objectives, implementation plan and
expected results derived from integrating digital photography and 4D BIM Modeling in Un-
dergraduate Construction Project Management courses in the civil engineering curriculum at
Worcester Polytechnic Institute.

4. BIM, 4D AND DIGITAL PHOTOGRAHY EDUCATIONAL MODULE

For many years now, the first author has been pioneering and actively promoting the use of
Building Information Modeling (BIM), a powerful collaborative enabling technology and
concept, in the civil engineering curricula at WPI. This work was initially done through grad-
uate research projects and theses as well as Major Qualifying Project (MQP) activities. The
MQP is a senior project equivalent to three courses that focuses in a civil engineering area. It
involves a capstone design experience. The integration of BIM in the curriculum continues
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today and to this date, about 50% of the MQPs developed by students in the civil engineering
department use BIM to document and visually communicate their design and construction
planning work. BIM activities in the program feature a 1-week-module in the CE1030 fresh-
man class that is also included CE30030 AutoCAD course. A new course CE3031 has been
recently introduced into the department’s curricula. In this course the concept of BIM is in-
troduced to the juniors as they learn how to use BIM tools through labs and a group term-
project. This course also features three instructors from different design and construction
management disciplines to demonstrate the collaborative nature of design and construction
planning in civil engineering projects.

A recently completed MQP (Fournier et al, 2010) involved the development of a 4D model to
visually track the construction progress of the new WPI Recreation Center which began in
May of 2010. The project is scheduled for completion in August of 2012. This new Recrea-
tion Center will provide WPI with a competition length swimming pool, racquet ball and
squash courts, 14,000 square feet of fitness space, a four-court gymnasium, indoor rowing
tanks, and an extended three-lane track (WPI Sports and Recreation). The new Recreation
Center provided the students with a real world laboratory to study the use of BIM, Earned
Value Analysis (EVA), and scheduling coordination.

Given a 3-D BIM model of the completed construction, two different four-dimensional mod-
els were developed to contrast the projected and actual progress of the project. The first one
displays the phased BIM model as it was scheduled at a given date and contrasts it with the
actual progress as reflected seen in the webcam photo taken on that date. This picture was
then used to create the second phased model reflecting the actual progress to date (See Figure
2). In addition to studying the construction schedule for the Recreation Center, an Earned
Value Analysis was performed to compare the value of the work completed in each projected
phase versus the amount of work completed in the actual phases. The calculations of quanti-
ties of work to perform the EVA are directly extracted from the BIM models.

)WPI August 15 - September 15, 2010

Projected

% Concrete % Steel % Concrete % Steel % Concrete % Steel 9% Concrete % Steel
23.86% 0.00% 15.98% 0.00% 23.36% 0.00% 15.98% 0.009%

Worcester Polytechnic Institute Worc Polytechnic Institut

Figure 2, Webcam shot and 4D models reflecting scheduled progress and actual pro-
gress as of September 15, 2010

The above displays have been produced on a monthly basis for the contruction progress as
observed up to Februaryl5, 2011. Works continues now with a second MQP (Belliveau et al,
2012) and an Independent Grdaute Study (Kaiser, 2011) to complete the monthly 4D set of
phased models up to the completion of the facility.
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In addition to the above 4D set of phased models, the webcam shots (Figure 3) correponding
to the modeled phases of construction have been assembled and are made available to the
students that as of the writing of this paper have started their term project for the current fall

term 2011.

P
PHASE 2

PHASE 3  PHASE4

Figure 3. Webcam shots showing different stages of construction of
the WPI Recreation and Sports Center

Finally, NavisWorks model integrating the phased models and the corresponding CPM sche-
dule for the project has been created (Alvarez & Gomez-Lara, 2011). The model has been
animated to facilitate comprhemesion and visualization of the relationship between the cons-
truction schedule and the phased 3D models. Fgure 4 shows a sccreenshot of an animated vi-

deo display produced from this model (Kaiser, 2011)
= S recCemenwt T

wi

TimeLiner

Tasks | Links | GanttView |Configure | Rules | Simulate |
Gantt Chart
Display Dates: | Planned

Half 2, 2010 Half1, 2011
Active Name Status. Start
10 1 12 o 02 03 04 05 06
[7] Existing Phase 6 =1 1/17/20118:00:00 AM  2/15/2 —1
&) Existing Phase 5 1 12/16/20108:00:00 AM  1/14/2 —

B &WEMEEMY oo rvriecaonon B
Figure 4. Screenshot of Aimated VidoeFile from NavisWorks
3D construction-schedule intehration
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5. EXPECTED RESULTS

The 4D material herein presented has not been made available to the students currently taking
the CE3020 course this fall semester. It is planned to do so shortly as they start their assembly
of their CriticalPath Method network diagram. This dditional and very powerful resource
should accmplsh two objectives:

1. Facilittate in a dramatic fashion, their understanding of how the different construction
work packages and corresponding activities are sequenced in the real project. The
students will still exercise judgment and be forced to analyze and discuss this material
because the Level of Definition displayed in the 4D models does not necessarily cor-
respond to the granularity of the list of activities they have been handed out by the in-
structor.

2. Motivate students to learn more about Building Information Modeling and to create
expectations about its use and application not only for their rest of their academic ac-
tivities, in particular for their MQPs but more importantly to create an expectation that
BIM tools should be used in their future professional lives.

At the conclusion of the course, students will be asked to fill out a survey questionnaire to
capture their perceptions and opinions of ease of use, functionality, effectiveness of visual aids,
educational value, as well as about the value added by this resources in learning class material
and in executing their term project. This survey will allow establishing a comparison and a
more objective assessment of the improvement that take place in learning the material for this
class.

6. CONCLUSIONS

After several years of experience promoting the use of BIM concepts at WPI, the invested
effort in preparing and motivating students is paying off and it seems to that seeral discplines
are coming together achieveing more integartion in the different areas of civil engineering.

The way in whihc the course CE3020 in Construction Project Managemnt as been delivered
by the first author over the last 25 years or so has been gradually transformed by the use of
Computers and Information Technology. Gone are the days in which the students developed
their Term Project CPM network entirely by hand. With the advent of CPM software like
PROMIS, PRIMAVERA and MS Project and their increased features and power, the students
can concentrate more on the development of their networks and less on the cumbersome ma-
nual paper manipulations to display their network diagrams. Digital Photograhy and now
BIM modeling tools have not only improve the functionality of the exercise but also contrinu-
te in a powerful way to assist students in their learning of the subject.

The use of Information technology in the form of visual material recorded from webcams
during construction has facilitated the task of describing and analyzing the construction pro-
cess. Integrating Building Information Modeling (BIM) in the form of 4D to the photographic
material promises to add a new dimension that enhances communication and understanding
dramatically and produces quantifiable information.

This paper described the objectives, implementation plan and expected results derived from

integrating digital photography and 4D Modeling in Undergraduate Construction Project
Management courses in the civil engineering curriculum at Worcester Polytechnic Institute.
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ABSTRACT

In order to meet the technical needs of a developing industry, it is essential that Building
Information Modeling (BIM) be included in construction curricula. Recent research identifies
the most effective instructional strategies for implementing BIM by presenting possible
pedagogical models for teaching technology in the AEC industry. From the replacement of
traditional drafting and graphic communication coursework to the full integration of BIM
processes in all phases of Capstone courses, the manner in which BIM is being taught is diverse
among different educational institutions. In this paper, the authors present a summary of their
experiences teaching a revised BIM curriculum to graduate level students at University of
Florida’s Rinker School of Building Construction. The pedagogical method that was tested
involved the utilization of a simplified set of building plans created specifically to introduce
students to Autodesk Revit Architecture, Structure, MEP, QTO and Navisworks software
packages. By utilizing a standard building plan set specifically created for the course, students
learned the principals of multidisciplinary workflow and best modeling practices in a small
accomplishable context. Supplemental teaching materials helped to reinforce foundational
concepts such as plan reading, estimating, scheduling, and construction coordination. The
creation of a set of standard building plans for the curriculum assisted in eliminating many of the
documented hurdles associated with current pedagogical approaches.

Keywords: Building Information Modeling (BIM), construction education, curriculum,
construction technology

1. INTRODUCTION

Construction, more than any other profession is unique in that to be successful, those managing
the project must be knowledgeable in many different disciplines. Additionally, the number of
software packages required within the industry has also increased. Therefore, technology
integration into the American Council for Construction Education (ACCE) curriculum continues
to be a topic of interest, especially as it relates to the best instructional strategies for student
learning outcomes. It has been widely established that inclusion of Building Information
Modeling (BIM) into construction curricula is necessary; however, research continues regarding
the best approach for implementation. In review of the pedagogical literature, the apparent trend
within most institutions is a scaffolding approach with a basic IT/foundational course and then
building upon that knowledge with an applied use of BIM within additional coursework. The
Rinker School at the University of Florida has found that for its foundational course, by
establishing a standardized set of building plans for the curriculum, students were able to better
understand the specific foundational tasks and instructors were able to utilize a specific
instructional strategy to achieve the desired performance outcomes. Standardized plans,





instructional strategies, and specific rubrics provided a best practice outcome by which the
program documented improved efficiency and performance in BIM classes.

2. LITERATURE REVIEW

2.1 The Need for a Pedagogical Model in Teaching BIM

According to McGraw Hill’s 2009 Smart Market Report, roughly 49% of the AECO industry is
now using BIM in some fashion. Of the contractors surveyed, half reported using BIM or BIM-
related tools and nearly one third of them reported authoring their own models (McGraw Hill
Construction 2009). Given this rise in BIM implementation, particularly by contractors, it is
imperative that construction students now be taught the BIM skills required of their future
careers.

However, the integration of BIM into curriculum creates several challenges for educational
institutions including: deciding the number of courses and when to teach them, as well as the
many differences that BIM requires in traditional teaching methods due to the software’s broad
capabilities. Additionally, the complexity of BIM software requires a certain level of expertise to
instruct. In a survey of ACCE programs, 55% of respondents that reported having no current
courses on BIM indicated the reason to be a lack of qualified instructors to teach them (Bercerik-
Gerber et al. 2011). At Auburn University students were introduced to BIM through an initial
Construction Information Technology (CIT1) course, and were then provided the option to
complete a thesis with inclusion of the BIM software applications (Taylor et al. 2008). Although
the trend shows that students are introduced early on in their curricula to BIM in a more basic
format, pedagogical challenges still exist. The current options appear to range from utilizing the
Autodesk tutorials to accomplish specific tasks, to creating a complete model from an actual set
of as-built documents. These strategies demonstrate the current struggle with the course delivery
of a complex technology course.

Previous studies have also outlined many of the obstacles to implementing an acceptable
instructional model and the perceived obstacles that exist from both the administrative levels and
from the students’ perspective. In a survey conducted by Minnesota State University asking ASC
members about BIM implementation, 53.3% of the respondents stated that the lack of textbooks
and other educational resources for students was one of the perceived obstacles of adding BIM to
the curriculum (Sabongi 2009). Most BIM courses have a list of recommended textbooks for
reference but there are no specific written course tutorials for BIM that walk students through the
foundational software requirements. At Western Illinois University, students expressed difficulty
in learning many of the Revit functions as a beginner and were also disappointed with the lack of
reference materials. Although Autodesk provides tutorials, students wanted more written
materials for immediate help (Woo 2007). Additional barriers preventing schools from
implementing BIM curricula included a lack of space in the current curriculum and a general
lack of accreditation specificity (Bercerik-Gerber et al. 2011).

2.2 Current Pedagogical Trends

In a 2009 survey of ACCE accredited programs and National Architecture Accrediting Board
(NAAB) accredited programs, a total of 56% of schools reported offering BIM courses in some
form. Of the construction programs surveyed, 60% indicated that they offered BIM courses,
mostly at the senior level often as an elective (Bercerik-Gerber et al. 2011).





The introduction of Autodesk Revit software, for many programs, is an established trend and
appears to be provided as an introductory IT/BIM course with the inclusion of continued use
through upper level coursework and capstone projects. Thus, most programs provide the basic
introduction followed by integrated BIM courses including multidisciplinary approaches.
Auburn University introduces computing topics in their Construction Information Technology
Course (CIT1) and then provides the fundamental BIM modeling in their CIT2 course. This
aligns with the overarching trend mentioned above. Additionally, due to the broad context within
both courses, there are no books providing optimum content; therefore, a set of customized
tutorials, exercises and assignments on each topic has been developed by instructors. Taylor et
al. (2008) also stated that students continue to use the skills in homework, projects and especially
in their capstone experiences.

Similarly, Barison and Santos (2010) identified three distinct types of BIM courses currently
being offered among different educational programs around the US. They were categorized by
their level of difficulty. It was suggested that BIM curricula first address the individual abilities
of modeling and analysis and then in later years build upon that knowledge to address
collaboration and team building skills. Introductory courses, implemented by most institutions,
are usually lumped into traditional digital graphics representation coursework designed to teach
students the preliminary BIM modeling skills, plan reading and construction documentation.
Intermediary level courses stress integrated design studio building technology fundamentals
needed by future BIM analysts. Lastly, advanced BIM coursework stresses the skills of
interdisciplinary collaboration and construction management needed by BIM managers (Barison
and Santos 2010). Stanford is one such program which has been successful in integrating
advanced BIM content with traditional project management coursework (Peterson et al. 2011).
Other programs are even beginning to incorporate the ideas of social interaction to supplement
BIM curriculum with the integration of Building Interactive Modeling (BiM), in the second life
platform (Ku and Mahabaleshwarker 2011).

2.3 The Standard Curriculum Approach

Although not all programs use the approach, the predominant trend (including at the University
of Florida) is to focus initially on the basic modeling content to establish a good foundation
which would guide students to create their own resources for additional learning in other courses
and capstone experiences. In a student survey at Auburn University, students responded
regarding their capstone study that 55% of the content they learned was obtained through a self-
taught method (Azhar and Hein 2010). Although this method is used consistently by many
schools, some have reported mixed results. George Mason experienced difficulty with their
sequential courses and noticed that near the end of the program, students seemed to have
forgotten their basic CAD and computing skills (Casey 2008). However, if applied using a
similar approach to the BIM Staircase for applied levels of learning as referenced by Hjelseth
(2008) throughout the student’s program, a greater application of the foundation can be utilized
in the courses implementing BIM content. The importance of correct information in the model
provides additional reasoning to focus on the foundational tasks of the program. Ideally, if
utilizing Bloom’s Taxonomy, the goal should be to ensure mastery of the lower level objectives
through a good platform in the principles of BIM (skill) and then building upon the base
knowledge to allow for the mastered BIM skill to be understood as an element (tool) to be used
in many other aspects of the industry (Forehand 2005).





3. METHODOLOGY

The University of Florida’s M.E. Rinker, Sr. School of Building Construction has been
committed to gradually refining its curriculum to incorporate BIM at all levels since 2007.
Recently, its graduate elective course Construction Information Systems, BCN6785, has
undergone a dramatic transformation. The course is a three credit graduate elective which was
traditionally taught in a lecture-based format and covered a wide variety of advanced information
technology topics. Since 2009, the curriculum has slowly integrated more lab content on BIM
using a variety of teaching methodologies.

In the Spring 2011 semester the instructors of this course began a new teaching methodology
which utilized a standard of set of curriculum building plans specifically designed to provide an
introduction to tasks in the Revit Architecture, Structure, and MEP software packages. Although
the primary objective was to provide students with a fundamental knowledge base of how to
create a multidisciplinary BIM using standard 2D documentation, students were also exposed to
Autodesk’s QTO and Navisworks software to exemplify how a BIM model could be used to aid
estimating, scheduling and coordination processes. The class presented a unique opportunity for
one of the authors as she was able to participate in the course as a student. The remaining authors
provided content delivery and instruction for the course. This presented opportunities for dialog
regarding best practices and methods for construction students.

While some lecture material was provided to students outlining the theoretical principals of BIM,
example BIM case studies, and guest speakers from the industry, the bulk of the course was
taught in a lab environment demonstrating a variety of software packages. For the purpose of
this course, all Autodesk products were implemented because of their contribution of free
educational licenses to the student community. The foundation for course instruction was rooted
in the utilization of a small set of construction documents for a 7600 SF three-story commercial
office building with relatively repetitive floors and symmetrical layout, designed specifically for
the course by the instructors. The objective was to create a building simple enough for a novice
modeler given the time constraints of the course but which utilized all modeling object categories
available in Revit and reinforced the importance of construction fundamentals. Figures 1-3 show
images of the simplified office building designed and used by the instructors in BCN6785 to
achieve this goal.

Figure 1: Architecture Model  Figure 2: Structure Model Figure 3: Mechanical Model

A simple set of construction documents created in the different Revit platforms was provided to
the students at the beginning of the semester as the foundation for all class assignments. The
drawing package included approximately 4 sheets each for the architectural, structural and
mechanical disciplines. Each discipline included plans, sections, details and schedules required
to complete the model. Additionally, the design included explicit characteristics such as a
symmetrical layout to provide practice for mirroring and modify features and similar floors to
encourage students to exercise the copy and paste aligned tool. To supplement each set of plans,





a corresponding assignment sheet was created outlining the specific tasks that were required.
The instructors used this detailed rubric to demonstrate the importance of accurate modeling
practices.

The six assignments which utilized these standardized building plans were assigned in a
sequence which corresponded to the lab schedule. Therefore, each assignment was designed to
build upon the skills reinforced in the previous assignment and corresponding lectures, forming a
foundational knowledge base for students. Assignments 1-3 required students to virtually
construct the architectural, structural, and mechanical disciplines’ models respectively using their
corresponding Revit platforms. Once the federated model was complete, Assignment 4 utilized
Autodesk’s QTO software to complete an abridged quantity takeoff of the building. Assignment
5 utilized Navisworks to complete a 3D animation and conduct a coordination review of their
completed BIM and Assignment 6 involved the creation of a 4D simulation of the project
schedule using the timeliner tool in Navisworks.

Each assignment was developed to ensure that specific modeling/software tasks were reinforced
from the lecture and were included in the grading rubric. For example, Assignment 1 was
centered on constructing the Architectural model. Thus, one of the requirements listed in the
assignment sheet was the addition of interior walls with proper structure, dimensions and
nomenclature. The grading rubric would then assign a total number of points to the one task, in
this case 5, and sub-divide for the details of that task, e.g. correct placement-2 points, correct
structure-2 points, correct height-1 point. This ensured that students learned through focused
tasks and did not become overwhelmed by the construction drawings. In addition, it made the
task of grading for instructors less subjective and more manageable.

For Assignments 1-3, in addition to their submission of the physical models, students were also
required to maintain a log of the hours they spent modeling each discipline in an MS Excel
spreadsheet which described each task that they completed and the amount of time it took.
These logs were later referenced by instructors to gauge how long it took students to become
familiar with the different software packages and on average how many times they sat down to
model.  The log also served as a vehicle for communication between the instructors and
individual students. Students were asked to record any questions that arose during their
completion of each assignment in a separate tab in the log spreadsheet, similar to an RFI. An
answer field was included providing a place for instructor feedback. Figure 4 shows an example
of a student’s log with the instructor feedback.

Date Modeler Sht# Question Answer Issue Closed?
2/2/2011 NRB 1 What are the walls being centered from? i.e. stud Mot Centered, dimensioned from exterior YES
You can't edit anything in the linked
model without going to its live model.
How do you edit coulum grids on a linked structure Therefore, you need to trace the grids
2/14/2011 NRB 1 model? over. NO
Why are there holes in my wall when | edit the structure
2/14/2011 NRB 1 of the wall? NO
Do we have to annotate each view or just the handout just the handout material. Use what was
2/14/2011 NRB 1 material? indicated on the assignment sheet. NO
2/14/2011 NRB 1 What is the best way to edit joints of materials? I think trim is & helpful tool for this. NO
You would need to place a sweep in the
structure of the wall. This was not
2/15/2011 NRB 1 How do you create the cap for the parapet? reguired. NO
In the Arch. Model we have to make shaft openings, does  Yes. Butlwas not clear about this is in the
2/16/2011 NRB 1 the elevator shaft cut into the 1st floor slab? details. So no points were removed. NO
You hould be able to create reference
2/17/2011 NRB 1 How do you create the reference line in section view? planes in any view from the home tab. NO
What are the dimensions for the foundation slab under
2/18/2011 NRB 1 the stair shaft, it is not in structure nor in arch. Drawings? its tageged as 36" x 12" NO

Figure 4: Example Student Log with Instructor Feedback





4. RESULTS

4.1 Learning Objectives

The primary objective sought by the instructors of this course was to teach the skills required to
create a multidisciplinary BIM in order to give students an understanding of the complexity of
BIM as well as the level of detail and accuracy required for it to be used effectively by
contractors. Therefore, though they may not be asked to construct a model in their future careers
as contractors, they must at least have a sensitivity to the time and effort that is required by
subcontractors and designers in order to better manage them. This skillset was reinforced by
Assignments 1-3. As a secondary objective, the instructors also intended to foster an
understanding of the value of a BIM model to a contractor. This was reinforced by Assignments
4-6 which utilized the model for estimating, coordination and scheduling. When considering the
revised Bloom’s Taxonomy (RBT), the authors found the approach of a regimented focus
initially on the lower level categories of remembering, understanding, and applying Revit tasks
to be very beneficial. However, when students implement aspects of BIM into additional courses
and projects after BCN6785, they can further their learning on the continuum of Bloom’s
Taxonomy to include the higher levels of analyzing, evaluating and creating (Forehand 2005).

4.2 Course Schedule

A rigorous course schedule was followed over the span of the 16 week semester in order to cover
the variety of materials. Therefore, the lab schedule for BCN6785 was quite demanding. Eight
classes revolved around modeling fundamentals and multidisciplinary workflow in Revit
Architecture, Structure and MEP. Once a complete federated model was constructed, the
students were able to utilize it in the remaining five weeks of class for QTO and Navisworks
exercises to demonstrate how BIM might benefit them as future construction managers.

Though covering five software platforms in this accelerated time period was extremely difficult,
the instructors wanted to challenge students at the graduate level. In fact, BCN 6785 traditionally
has a diverse sample of students participating, providing a multidisciplinary dialog not available
at the undergraduate level. Table 1 shows the undergraduate degree of the students who
participated in the course during the Spring 2011 semester. The students had undergraduate
degrees in Architecture (55%), Construction (30%), Civil Engineering (6%) and other areas such
as Business (9%). However, all of the students had some modeling experience or were familiar
with CAD based software either through their undergraduate education or by taking a
prerequisite drawing course.

Table 1: BCN6787 Class Demographics

Background Number of students ( % of total)
Construction 10 (30%)

Architecture 18 (55%)

Civil Engineering 2 (6%)

Other 3 (9%)

Total 33

Table 2 breaks down the number of hours spent learning different tasks in the different software
packages during in-class exercises. Roughly 72% of in-class time was spent teaching BIM skills.
The other 28% was centered on more traditional theory, case studies and emerging topics related
to BIM.





Table 2: Estimated Time Spent Learning Different Skills in Class*

Task Time Spent Learning (Hrs) 9% of total time
BIM Lab Modeling Architecture 8 21%
Content Modeling Structure 3 8%
Modeling Mechanical 6 15%
Estimating 3 8%
Scheduling 3 8%
Construction Coordination 2 5%
Presentation 3 8%
Supp. Content  Other 11 28%
Total 39 (13 3hr classes)

*This is a rough estimate based on the number of hours spent in the lab covering certain topics

4.2 Student Learning Outcomes

Table 3 shows, based on metrics generated from the students’ assignment logs, the average
amount of time spent by students completing each discipline’s model for modeling assignments
1-3. It is evident that students had the most difficulty completing the Architectural and
Mechanical disciplines because of their higher level of detail. Students also expressed more
difficultydeveloping the mechanical model because of a lack of in-depth exposure to MEP
systems in the current curriculum. Analysis of the student assignment logs also indicated that
over time it took students fewer hours to complete similar tasks in Revit. Therefore, repetition of
certain concepts drove the exercises as well as the in-class content.

Table 3: Time Spent Modeling Each Discipline Using Curriculum Standard Plan Approach

Arch. Model (hrs) Struct. Model (hrs) Mech. Model (hrs)

Mean 16.4 6.6 14.6
Median 16.25 6 13.5
Std Dev 6.93 3.34 4.76

5. CONCLUSIONS

The combined knowledge of instructors and student experience of the authors provided an
interesting dialog about the successes and challenges of the proposed pedagogical model. Based
on a comparison of grade statistics from previous years in which BIM was integrated in the
course curriculum, the new revised utilization of standardized plans proved to be a much more
effective teaching tool. The success of the streamlined and efficient process was evident not
only through the student feedback, but also through the student time logs as well. The course
showed significant improvement over past experience by the instructors teaching BIM using
other methodologies.

Many challenges existed in the implementation of the revised BIM curriculum for BCN6785.
The burden of teaching five separate software packages in the span of a single semester left
many challenges for the instructors and students alike. In addition, the time period in which the
course was offered presented other impediments. BCNG6785 is offered for a single three hour
block one evening per week. Therefore, there was little room for students to get the extra practice
required by the software without out-of-class exercises. However, using the revised standard
curriculum plans helped in reinforcing any material that may have been forgotten in the
preceding classes. An additional challenge was the increased potential for academic dishonesty.





Therefore, the students were informed early in the class of Revit’s “show history” function
which allowed the instructors to monitor every instance a file was saved and on which computer
in order to avoid the potential problem of students sharing electronic files.

The success of using a simplified set of construction documents designed specifically to learn
Revit tasks was recognized by both students and instructors alike. In the future, the authors
intend to further study how students learn each software platform and the time it takes them to
master certain fundamentals, while revising this curriculum. This will be achieved through a
more structured modeling log to track more interesting BIM learning curve metrics.
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Abstract

In recent years, energy efficiency has resurfaced as an important topic in construction educa-
tion. Finding the appropriate location in the curriculum can be a challenge for construction
educators as other topics prevail through requirements previously set forth by accreditations
review boards. To increase knowledge of energy efficiency fundamentals, a project was de-
veloped as part of a specialty contracting construction management course at Cal Poly, San
Luis Obispo using Building Information Modelling (BIM) technology. The project-based
learning effort requires student teams to identify a building that is in need of energy efficiency
improvements. Student teams then conduct an energy audit for the building, identify projects
that will result in reducing energy demand and utility consumption, prepare a cost estimate to
perform the work, and calculate the project financial feasibility for the proposed projects.
This paper demonstrates how the use of BIM technology has enabled new teaching methods to
enhance energy efficiency education opportunities using a work process utilizing modeling
software and information technology.

Keywords
Mechanical, Electrical, Plumbing, Building Systems, Building Information Modeling, Energy

Efficiency.

1. INTRODUCTION AND BACKGROUND

A new curriculum recently adopted at California Polytechnic State University, San Luis
Obispo (Cal Poly) is based on a model similar to that proposed by Hauck and Jackson5,
where construction management is taught as a series of labs integrating the various construc-
tion management courses into an active, applied learning experience. The integrated curricu-
lum for the Cal Poly construction management department centers on seven (7) project-based
laboratory courses. They are as follows:

* Fundamentals of Construction Management

= Heavy Civil Construction Management

= Residential Construction Management

= Commercial Building Construction Management
= Specialty Contracting Construction Management
= Construction Jobsite Management

= Interdisciplinary Project Management

Students receive six (6) quarter-hours of lab credit for a total of sixteen (16) contact hours per
week. Similar to a studio in an architecture curriculum, each laboratory is taught in a dedi-
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cated space furnished with models, samples, contracts, marketing documents, specifications,
estimating guides, computer references, and other tools appropriate to that in the construction
industry sector, all available to students in that seminar.

The concept for the specialty contracting construction management course was to em-
phasize the work of specialty contractors who fabricate and install mechanical, electrical, and
plumbing (MEP) systems; whose work is characterized, by most construction industry pro-
fessionals, as being specialized and requiring a considerable amount of technical knowledge
required for fabrication and installation of the systems. Originally, the course curriculum was
developed on the basis of integrating the course content from a mechanical systems course
and an electrical systems course, which existed in the prior curriculum. As noted above, the
integrated curriculum model described by Hauck and Jackson has the potential to provide
tremendous opportunities to engage teaching strategies beyond the common lecture approach
typically utilized in many single subject courses. Various methodologies such as cooperative
learning require students to be active participants in their own education2. Therefore, to take
advantage of the studio-laboratory format and to increase knowledge of energy efficiency
fundamentals, the project was developed as part of a specialty contracting construction man-
agement course. The following sections describe the design of laboratory exercise, including
the learning objectives and outcomes assessments.

2. ENERGY EFFICIENT FUNDAMENTALS

MEP systems are the active systems of a building, whose purpose is to temper the building
environment, distribute electric energy, allow communication, enable critical manufacturing
process, provide water and dispose of waste, etc. MEP systems have increased in scope on
many types of projects, due to the increased requirements by building users. With the need
for increased functionality of these systems, projects now include much more than the tradi-
tional MEP systems. The active systems of a building can cost up to 60 percent of the total
building cost7 and their scope now includes additional systems such as fire detec-
tion/protection, controls, process piping, and telephone/datacom. In recent years, energy effi-
ciency has resurfaced as an important topic in construction education.

According to the United States Department of Energy, traditional building use con-
sumes 40% of the total fossil energy in the US. The project was developed to increase
awareness to energy efficiency fundamentals and to provide students with an opportunity to
“learn by doing” experience. The project-based learning effort requires student teams to
identify a building in which energy demand and utility consumption can be reduced. Student
teams then conduct a facility energy audit for the building, identity projects to save energy,
prepare a cost estimate to perform the work, and calculate the project financial feasibility of
the proposed projects. The teaching methodology used, project milestones scheduled to mo-
tivate students, and the criteria used to assess of student learning for the project is described
below.

Using BIM technology software as a tool, specialty contractors are able to provide
additional services for clients, which include general contractors and building owners. 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 professionals 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 assem-
blies and individual components in the model. Therefore, it is ideal for being able to assist
and improve the collaboration among project participants. Designers and builders can plan-
out, in precise detail, the location and clearances needed for a complete and successful pro-
ject. Being the BIM is becoming a industry wide standard, it was the authors’ idea to utilize
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BIM technology software to enhance student-learning experience as it relates to energy effi-
cient design.

3. THE PROJECT

Teams are required to identify a building in the vicinity campus who will then become their
“client”. Acceptable projects include any building (except residential) that is off-campus and
greater than 5,000 SF. Once the student team identifies a building, the teams conduct an en-
ergy audit for the building, identifies projects that will reduce energy demand and utility con-
sumption, prepare a cost estimate to perform the work, and evaluate by the financial feasibil-
ity by calculating the benefit to cost ratio and the payback period of the proposed projects.
Teams then prepare a written proposal and present their findings to the class.

The REDUCE project is considered a service learning project, the students are expected
and encouraged to gain input and feedback on their proposal from contractors, vendors, and
materials suppliers; however, students are not permitted to earn wages for participation on the
project. Student teams are expected to conduct themselves in a professional manner in all
aspects of the project. Student teams are expected to plan visits and phone calls with clients
in a professional manner that is not disruptive to the activities of the client. To motivate stu-
dents to keep on task, the following milestones are required for throughout the project:

= Milestone No. 1 - Project Identification and Summary of Qualifications

= Milestone No. 2 - Site Assessment Forms (including Site Layout and Building Eleva-
tions)

= Milestone No. 3 — Model Building using BIM technology
= Milestone No. 4 — Technical Analysis Report

3.1 Learning Objectives
The REDUCE project was designed to expose students to the detailed knowledge of energy
efficiency analysis and reduction techniques. Because, the specialty contracting construction
management course is an upper division class within the curriculum, the approach taken was
to have the students study and report on the existing system as well as analyze and make rec-
ommendations for improvements of the systems that would result in a net energy consump-
tion decrease by the building. Therefore, the project was developed with the following learn-
ing objectives:

= Describe and analyze the existing building systems through producing diagrammatic

drawings for each system

= Discuss and report on the opportunities to reduce energy demand and utility consump-
tion for the following building systems: potable water, landscape irrigation, lighting,
and natural gas

= Analyze the building envelop and propose improvements to the HVAC systems that
would reduce energy demand and utility consumption while at a minimum maintain-
ing existing comfort levels and even more desirable enhance comfort for building oc-
cupants

= [dentify an opportunity to incorporate on-site energy production via solar photovoltaic
systems and/or wind energy production

= Estimate the cost and savings (from energy and utility) for each proposed project and
evaluate the cost savings in energy consumption for each proposed improvement
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3.2 Student Task

Students begin the project by completing a general information sheet for the building they
selected. This includes information regarding the location, and primary use of the building
name, address, phone number, and e-mail of the building contact. Students are also asked to
create a summary of qualifications for their team, which is basically their current resume.

Students begin the project by conducting a site visit and assessing of the existing con-
ditions of each system. Evaluation forms are provided to each student team to assist them
with this task. We encourage them to include images, sketches, photos, etc. and produce one-
line drawings of existing conditions of the buildings systems. We reinforce to the students
that one-line drawings are not always available from the client; therefore the team may need
to create them prior to beginning their systems analysis.

The energy audits are performed using the worksheets provided during the course lectures on
energy auditing. These worksheets provide the basic data-gathering tool for performing an
energy audit. We recommend the following:

1. Water, electricity, and natural gas usage records for the facility; records for the
previous fifteen (15) months are preferred.

2. Facility drawings showing details of electrical and mechanical systems as well as
building construction details. There are used to determine the extent of systems
and level of building envelope insulating value.

3. Interviews of facility maintenance staff to determine age and general condition of
the facility and its systems. This usually gives the team an idea if any major sys-
tems or facility upgrades are planned or have been recently completed.

Teams are then expected to evaluate and analyze each the system. A brief description of each
analysis is listed below.

Potable water - Teams are expected to assess and make recommendations to reduce

the use potable water in the facility based on criteria they feel is appropriate for the client.
Improvements may include partial or complete replacement of water supply system, plumb-
ing fixtures, etc. One-line diagrams of the existing and proposed design are required. Stu-
dents are asked to include impacts on the water supply system and water use calculations in-
cluding the benefit to cost ratio for each proposed improvement.
Landscape irrigation and landscaping - Teams are expected to assess and make recommenda-
tions for a more efficient use of water for landscaping based on criteria they feel is appropri-
ate for the client. Improvements may include partial or complete replacement of landscaping,
sprinkler system, control systems, installation of a gray water system, installation of a rainwa-
ter harvesting system, etc. A site plan of the existing and proposed design are required. Stu-
dents are asked to include impacts on the landscape irrigation system and water use calcula-
tions including the benefit to cost ratio for each proposed improvement.

Electrical lighting - Teams are expected to assess and make recommendations for a
more efficient/green lighting system based on criteria they feel is appropriate for the client.
Improvements may include partial or complete replacement of fixtures, lamps, ballast, and
controls. Reflected ceiling plans of existing and proposed design are required. Students are
asked to include impacts on day lighting and energy use in calculations and to calculate the
benefit to cost ratio for each proposed improvement.

Building envelope and HVAC System - Teams are expected to assess and make rec-
ommendations to improve the buildings envelope and heating, ventilation, and air-
conditioning (HVAC) system based on criteria they feel is appropriate for the client. Im-
provements to the building envelop may include partial or complete replacement of windows,
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window awnings, and roof system, increasing the resistance value. Cross sections of existing
and proposed improvements to building envelope elements (wall, roof, windows, etc,) are
required. Improvements for the HVAC system may include partial or complete replacement
of HVAC equipment, including fans, pumps, duct insulation, etc. A one-line diagram of the
existing and proposed design is required. Students are asked to consider impacts on solar
heat gain, day lighting, new equipment and energy use and calculate the benefit to cost ratio
for each proposed improvement.

Natural gas - Teams are expected to assess and make recommendations for a more ef-
ficient use of natural gas in the building based on criteria they feel is appropriate for the cli-
ent. Improvements may include partial or complete replacement of hot water heating system,
installation of solar hot water heating system, replacement of gas using equipment, etc. One-
line diagrams of the existing and proposed design are required. Students are asked to include
impacts on the gas distribution supply system and gas use and calculate the benefit to cost
ratio for each proposed improvement.

Electrical distribution system and on-site electricity generation — Teams are expected
to identity at least one aspect of the building electrical systems and make recommendations
for potential improvements. Suggested areas for improvements include: transformer re-
placements, service upgrades in computer laboratories, and distribution systems retrofits. We
encourage them to focus first on identifying particular problems already identified by the cli-
ent, for example problematic areas in the current electrical service and areas of excessive
power use. In addition, teams are expected to identify an opportunity to incorporate on-site
energy production via solar photovoltaic systems and/or wind energy production on the build-
ing. Also required is a general assessment of the advantages and disadvantages of options,
and a schematic design of the PV/wind system and cost estimate using actual price quotes for
system components.

3.3 Assessment of Student Learning

Upon completion of all project tasks, the teams are encouraged to solicit a letter from their
client summarizing the performance of the team and the client’s comments on the proposed
improvements. The letter is expected to be included in the appendix of a written proposal
submitted with the final report. In addition, we e-mail an evaluation to the teams’ client to
obtain feedback of their professionalism and the client’s satisfaction with the students work.

Teams are allowed 25 minutes to make an oral presentation that communicates the
highlights of their project. Each team member is expected to participate. At the conclusion
of the presentation, a 5-minute question and answer session commences, where all other stu-
dents are allowed to ask questions. Once teams have completed their question and answer
session, they are expected to rejoin the class for the remaining presentations.

4. DISCUSSION AND RECOMMENDATIONS FOR FUTURE
IMPLEMENTATIONS

Integrating the course content of energy efficiency fundamentals for construction manage-
ment students is one approach to help encourage students’ interest of building systems and
their effect on sustainability. Compared to students who have been taught via the traditional
lecture mode, the cooperative environment provided a forum in which a deeper understanding
of the material could take place and motivation could be placed on learning and achieving a
common goal.

The project encompasses many of the seven principles of good practice for education by en-
couraging contact between students and faculty, developing reciprocity and cooperation
among students, encouraging active learning, giving prompt feedback, and respecting diverse
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talents and ways of learning. It allows an enhanced level of student-faculty contact by allow-
ing the students and faculty to work together in a fashion other than the traditional lecturer-
listener relationship that is most commonly found. It encouraged students to work with their
peers and the faculty member to achieve the above listed learning outcomes. It also encour-
aged active learning by experimentation and gave students prompt feedback. It also allows
students to learn in a multitude of ways by allowing students of all learning styles to develop
from the experience. From our observations kinesthetic learners benefit from the data collec-
tion task, visual learners benefit from being able to visit the actual sites, and auditory learners
benefited from working in student groups by either giving or receiving instructions.
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Abstract

Building Information Modeling is a method for digitally representing the intelligent physical
and functional characteristics, directly or related, of buildings. Current BIM usage is
primarily patchwork and fragmented. The literature strongly concurs that industry direction
for complete utilization of BIM technologies is imperative. Integrated Project Delivery is
another effort to enhance project delivery and building implementation. There is no
dispute that IPD depends upon BIM to be most effective. Still much is to be done for IPD &
BIM to unite and be used to the fullest potential, however, the possibilities are encouraging.
Synergistic possibilities require raising this unification another notch to include high-
performance building delivery ideals, addressing not only sustainability, but economic,
environmental, and social impact considerations, from the cradle to cradle of buildings (this
is critical). The pressure and need for change is becoming too great to ignore. To satisfy the
current critical needs of the building industry and transform the way buildings are
delivered and integrated, educators must breathe new life into what is now a stalled
educational process. Current managers and especially future managers must be trained to
understand the implications of the synergistic value for true collaboration including BIM, IPD
and the sustainable integration of high performance buildings. The purpose of this paper is to
define research necessary to develop new curriculum integrating BIM, IPD-(like) and
sustainable high performance building delivery methods into higher education programs,
preparing today’s managers to be successful in tomorrow’s world.

Keywords: Building Information Modeling (BIM), Integrated Project Delivery
(IPD), Sustainable Design, High-performance Buildings

1. INTRODUCTION

For centuries the master builder was the keystone of every large construction project. The master
builder throughout history has been responsible for both the design and the construction of a
building. In fact, the term architect was derived from Ancient Greece where Arkhi meant head
chief or master and tekton meant worker or builder (Berman, 2003). The profession of the
architect is in a new infancy, trying to find its place in a continuously evolving construction
process. Although there have been attempts that have resolved some concerns, there are also new
problems such as confusion of definitions and conflicts of roles.

The construction industry was formally organized in the United States in 1724 by the Carpenters
Company in Philadelphia. Shortly, other organizations followed in Boston and New York. These
organizations were considered to be “master builders.” Master builders were responsible for the
design, survey, engineering, and management of the construction. In other words, (the head
builder) would be the architect, engineer, and superintendent for each project (Yates, 2003).
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The early 1800’s saw changes. Steel beams for multi-story buildings, elevators, plumbing,
ventilation systems, central heating, and electric lighting all began to be incorporated into
construction. The apprentice-trained craftsmen struggled to maintain their expertise in all aspects
of the process (Landau, 1996). Culturally, legally, functionally, and economically, the design of
buildings first began to separate from the construction. The architect worked out the design and
construction details and then attempted to communicate the entire construction process to the
builder through drawings.

Soon after the initial separation of the builder and the designer, the architect began to go
through the same process as the builder in creating new relationships with sub-contractors.
Consultants
to the architect began to assume the responsibility of various areas of design specialization such
as electrical design, mechanical and plumbing design, and structural integrity. Today, the
architect engages additional architects as specialized consultants, such as landscape, interior,
acoustical, and laboratory designers (Woods, 1999). Fragmentation has eliminated a single
source of responsibility and hindered collaboration due to the growing number of professionals
involved in the process. The role of the master builder has not only changed, but it has all but
disappeared. Today it becomes a challenge to know where exactly the responsibility and the
expertise reside.

It is for this reason that a research study was accomplished using the Delphi method
approach. Qualified panel members were randomly selected from a list of pre-qualified
candidates who were chosen based on their level of expertise in their given field as it may relate
to architecture and the construction process. The panel members were selected from the
following disciplines: two architects, two general contractors, two engineers, two construction
managers, a specialty contractor, an attorney, an owner — private sector, an owner — public sector,
a banker, and a developer (Burr, 2011).

Several factors revealed from the study are meaningful to this paper. With so many
individuals involved on a construction project, it is not always clear who may be the
responsible party. Errors and omissions on construction documents have long been a source of
contention in the construction process. Prior to the establishment of the architect as a
professional, the client had a legal right to expect a defect-free building. In the 20th century,
however, the professionals and the clients accepted the “standard-of-care principle.”

One of the questions asked addressed the standard-of-care principle. The question asked
whether the principle is too lenient, fair and just or too strict. Eighty-five percent of the panel
members felt that indeed it is fair and just indicating a sort of complacency in the building
industry with the current mode of practice. The chart below shows a graphic of the breakout:
Considering all of the complexities of the building process, Delphi panel members were asked
to identify professionals that will most likely experience conflicts of role. A large majority
again, eighty-five percent, agreed that role conflicts will be most likely to occur between the
architect and the general contractor. The remaining small percentages believed that there would
be significant conflict with the owner. The main catalyst for contention between the architect
and the general contractor according to the panel is poor communication. Fifty-four percent
agreed on that point. Other points of contention are as follows: Poor communication — 54%,
Different backgrounds and cultures — 14%, Project budget — 8%, Poor quality of performance
from either party — 8%, Different goals and a misunderstanding of the concept of collaboration
— 8% and Deficiencies and incompleteness of the plans — 8§%.

2. THE TOOLS AND ETHICS
The issues determined by the Delphi study were not surprising. The building industry is on the
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cusp of entering unfamiliar waters. Many long time and “my way or the highway” practitioners
are becoming fewer and less influential. The needs for buildings have changed; the culture has
changed and technology has evolved. There must be new insights into what is now a seemingly
stale conversion. Managers today, and certainly of the future, must be prepared to undertake a
return to collaboration using the strategic melding of synergistic values, including BIM, IPD,
and the sustainable integrated high performance building delivery system.

2.1 (BIM) Building Information Modeling

Current BIM implementation with few exceptions is primarily patchwork and fragmented.

Tardif (2009), contributing editor for AlArchitect maintains that “With building information
modeling (BIM) becoming more and more common as the preferred platform ... Owners are
increasingly specifying BIM deliverables in their RFPs, but the scope of work, or ,level of
detail” of the model is rarely indicated with any specificity. This creates an environment that
could, at best, lead to misunderstandings and, at worse, lead to contractual disputes.”

As a technical society, the potential of BIM has merely begun to be tapped. And, the
industry*s understanding of what BIM is today, or what it is capable of becoming, is also limited
and uncertain. As an example, some of the more accepted yet divergent definitions of BIM from
the building industry are as follows: 1) The BIM is used for simulation of the building and its
construction — AIA, 2) An object-oriented building development tool that utilizes 5-D modeling
concepts, information technology and software interoperability to design, construct and operate a
building project, as well as communicate its details. — AGC, 3) BIM is a tool to assist the owner
best. Everything we do is aimed at the owner to save them money and build a better building.” -
Ben May of May Construction, 4) BIM is digital, spatial, accessible, comprehensive,
measurable, [and] durable information. - Mortensen Construction and 5) The Building
Information Model is a set of information generated and maintained throughout the life cycle of
a building. — Anon.

2.2 Sustainability and Buildings

Buildings are responsible for forty percent of the primary energy use in the U.S., seventy-two
percent of the electricity consumption and thirty-nine percent of CO2 emissions. The U.S.
generated 143.5 million tons of building-related construction and demolition debris in 2008, but
only 28% (40.2 million tons) was reused, recycled or sent to waste-to-energy facilities. Consider
that one year's debris is enough to build a wall about 30 feet high and 30 feet thick around the
entire coast of the continental United States or 4,993 miles (AR, 2011). Two and a half percent
of the earth“s water is freshwater, 0.3% of water is surface water and 1 person in 6 is without
safe drinking water. In the United States, water use in buildings and their surrounding
landscapes accounts for about 47 billion gallons per day (AIA/CC, 2011). These statistics are
areas of great concern for the building industry and our society at large. Therefore, a great
priority for the industry is to manage construction so that excess, gluttony and waste are
equalized. “Determining how building materials will affect the environment is the central
unresolved problem of the green building movement” (Kibert, 240).

As is standard practice and believable outcomes of the building industry sustainable
building practices are erecting with energy, economic, and environmental performance
that is substantially better than standard practice. Kibert further addresses it as
“Sustainable Construction most comprehensively addresses the ecological, social, and
economic issues of a building in the context of its community (Kibert, 2008).”

If design and construction could once again be molded into the “master builder”
concept by being one in scope and jointly utilize new technologies, it could make the building
process stronger. Kibert (2008) stated “The high performance green building movement is said
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to be the most successful environmental movement in the United States, certainly the fastest-
growing and highly successful at creating partnerships with a broad cross section of
manufactures, builders, and others who are not often allies with (the) environment.” The
building industry cannot afford to ignore these important progressive elements that require the
collaboration of design and construction into one whole.

2.2 A Different way of Thinking or Mode of Delivery

The industry recognizes that to proceed ahead with any level of efficiency, changes to the
process of project delivery is eminent. The needed change in how a project is delivered has
metamorphed its way to the fragmented state of today for the past seventy years.

One of the roles that the architect played, in the traditional delivery method, is to be the
owner’s representative during the construction phase. In this role, the architect holds the
responsibility of inspecting the work of the builder down to the smallest details and ultimately
being the one who accepts or rejects the work. This role creates an adversarial relationship
between the architect and the contractor. Furthermore, in the traditional delivery method, the
contractor bases the project estimate and budget on the construction documents provided by the
architect. Any omissions or inaccurate details will take away from the accuracy of the budget,
drive the project cost up with change orders, and delay the schedule while changes are made.
All of which can chip away at the profit of the builder.

Because design had become separated from construction, the players had little

opportunity to positively influence one another. It eliminated any motivation for cooperation
between the two. This influenced participants to focus on the short-term costs, and largely
ignored the long-term consequences, and costs, of design and construction decisions.
As a sort of answer to communication problems associated with DBB, Design/Build (D/B) was
introduced in the 1960s. The D/B method allows one entity to handle all aspects of design and
construction, recognizing that projects endure time, and that long-term cost-effectiveness, rather
than the lowest competitive cost alone, creates the best value for an owner and leads to lower
costs overall. Design/Build draws upon the strengths of all the participants to insure the highest
value for the project. The Design-Bid-Build (DBB) or traditional project delivery method has
been the standard for the longest period of time since the separation of design and construction. It
is a result of economic specialization.

Then, realizing that D/B held some of the answers needed for modern project delivery but
still lacked important aspects for idealism, the evolution of Integrated Project Delivery
(IPD) emerged. Over the last decade IPD introduced a legal framework that the owner, the
architect, and the builder can use to collaborate on a design and construction project. Owners
enjoy improved cost control and budget management, as well as the potential for less litigation
and enhanced business outcomes. Contractors are provided with the opportunity for stronger
project pre-planning, more timely and informed understanding of design, the ability to
anticipate and resolve design- related issues through direct participation in the design process,
construction sequencing visualization to improve methods prior to the start of construction, and
improved cost control and budget management. For architects and designers, IPD provides
more time for design, reduces documentation, allocates more appropriate sharing of risk and
reward and improves cost control and budget management (IPD, 2011). IPD is another step
toward the change needed for the building industry to catch up with current project delivery
expectations. Yet, incorporating the demands and possibilities of sustainable building and BIM
require further enhancement to project delivery.

To learn where IPD stood among professionals today, a survey was generated asking
members of the Associated Schools of Construction about their take on IPD. It was based upon a
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five part Lykert scale going from “Strongly Agree” to Strongly Disagree.” The survey
revealed some interesting perceptions regarding sustainability and IPD. (November, 2009).

The first of five responses was from the statement; “IPD is a trend and will never find its way
fully into the building industry.” 51.7% disagreed and 18.3% strongly disagreed implying that
IPD is, or might become the predominant future method of project delivery as DBB is today.
The second statement said; “Even if owners change their philosophy on delivery, IPD will only
be applicable for select projects and will never be effective for all.” The responses to this
statement were split (45% agree and 33.3% disagree), possibly meaning a split interpretation of
IPD as a delivery method. This could mean that not enough understanding, knowledge and
experience with IPD are had among professionals to discern its potential for all categories of
projects. The third statement said; “IPD will have little effect upon common problems
associated with project delivery like communication, litigation, responsibility, and control.”
48.3% of respondents disagreed with 26.7% strongly disagreeing suggesting that IPD addresses
some critical problems related to project delivery and quite possibly be a better option.
Statement four said; “Green building philosophies will have no effect upon the way a project is
delivered.” 55% agreed while 20% strongly agreed indicating that regardless, sustainable
building requires a different process of delivery to be most effective. The last statement said;
“IPD is very well suited for sustainable (green) projects.” 38.3% agreed, 23.3% strongly agreed
while 36.7% had no opinion suggesting that there is a little uncertainty still around the
affiliation between IPD and sustainable buildings. However, a good majority agreed that IPD
would be a good fit.

Kibert (2008) analyzed the issue at hand and stated that, “Measures to cope with
problems of constructability, cost, coordination of (documents), and attention to (owner)
requirements have been woven into the high-performance green building delivery system.
Three powerful approaches coexist to ensure the creation of a truly high-performance
building; performance based fees, the charrette, and building commissioning. Although none of
these concepts are new, each has rapidly gained acceptance ...” The key to creating a high-
performance building is an integrated approach that brings together, early in the process, all
the professionals who have a hand in designing, constructing, operating and maintaining the
building. The integrated process requires the design team and all affected stakeholders to work
together throughout the project phases, and to evaluate the design for cost, quality-of-life,
future flexibility, energy efficiency; overall environmental impact; productivity, and the well-
being of the occupants. This approach is different from the typical planning and design process
of relying on the expertise of specialists who work somewhat isolated from each other
(wiki.aia, retrieved
3/10/2010).

3. IMPLICATIONS OF RHETORIC

Stitching the arguments presented together reveals a congruent theme. First, BIM is the
process of generating and managing building data during its complete /ife cycle (Lee, Sacks
and Eastman, 2006). Second, as Mergenschroer (August, 2009) put it, “In my thirteen years of
being in the Engineering and Construction industry, I have seen many changes that have
benefited the Owners, Architects, Engineers and Contractors. However not all of these changes
benefited the entire group. I see BIM as the total package. BIM has the power to change the
way we do business. How we implement the BIM process into our daily work schedules is the
challenge.” The building industry is not yet prepared to fully integrate the complete capacity of
BIM. The need for a definite process to facilitate integration, a method for bridging the gaps
between old methods and new technology, is evident. The evolution of BIM to this point is
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silo-ed. However, the potential of the technology to enhance the building process is immense.
Jonassen (2009) emphasizes this, “A BIM-enabled integrated delivery business model holds
the maximum potential for positively addressing the silo and communication ills of the design
construction industry ... In any BIM scenarios the management of sharing, integration,
tracking, and maintaining the integrity of a set of models that make up the overall project
model is a new and awesome endeavor.” Building Information Model creates the potential to
digitally represent the entire physical and functional characteristics of a building.

BIM facilitates collaboration by different stakeholders at different phases of the life
cycle of a facility to insert, extract, update or modify information. There is a need to integrate
all of the diverse facets that are involved in a building, bridging the gaps between old methods
and new technology. Future managers need to be equipped with the tools to modernize the
building industry through an intense knowledge of BIM capabilities and implementation.

Third, the literature is clear showing that the industry direction for complete utilization of
sustainability and BIM technology is needed. Mergenschroer (2009) emphasized that, “With
the demand for Building Information Modeling (BIM) escalating, it is paramount that design
and construction professionals become accustomed to doing things differently ... The total
team concept that BIM brings to the table, will not only compel us to change the way we
approach a project, it will also transform the way that we design a project.”

Fourth, building owners who build multiple buildings generally are interested in looking at
ways to save on time and money in their construction projects. In a question asked of the Delphi
study, panel members said the most effective ways for the owner to save time and money (62%)
was to create standards or guidelines for all of their buildings. One member elaborated by saying
that, “If saving time and money is the objective, it would be using the same ... standards or
guidelines for all of projects (Burr, 2011). Navigant Consulting (2010) stresses, “The time has
arrived for companies currently utilizing BIM tools to look beyond their individual BIM
successes and begin to take advantage of the synergistic value of incorporating BIM-enabled
IPD.” BIM and IPD can then be used to more fully satisfy current sustainability issues becoming
what might be deemed as a high-performance green building delivery system. Davis Langdon, a
most respected construction consultancy firm headquartered in London, UK concluded that it is
as fundamentally and entirely possible to produce sustainable buildings within budgetary
guidelines as it is for traditional methods for building (Davis Langdon, 2007).

4. CONCLUSIONS

Traditionally, the building industry has been behind the norm when adapting to new technology
or changing management strategies. Much of this can be attributed to the massive undertaking at
hand in completing a building project. It is a fast paced and hard driving industry. The
construction process with its many separate entities, by nature, is contentious and has been so for
many years. The traditional method for many years has been limited to Design-Bid-Build
(DBB). Even if BIM were implemented and sustainable principles were to be considered in a
DBB project, this could not eliminate the barriers that are traditionally in place to most
effectively and efficiently deliver the project. Therefore, a whole new way of project delivery,
IDP, that embraces rather than just attaches BIM and sustainability is the future of the building
industry.

The changes that need to occur for the building industry to move progressively forward
are; 1) the further definition and exploration of the potential of BIM to become a complete
building technical tool that begins with design through construction and then passed on to the
owner for facilities management functions from cradle to cradle; 2) the development and
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integration of BIM tools beyond their current individual realizations to implement a BIM-
enabled IPD; 3) the use of greater synergistic possibilities in the process including a high-
performance green building delivery system, addressing not only sustainability, but economic,
environmental, and social impact considerations, from cradle to cradle of building existence.
Practice must create structures using processes that are environmentally responsible and
resource-efficient throughout a building's life-cycle from siting to design, construction, operation,
maintenance, renovation and deconstruction. This practice expands and complements the
classical building design concerns of economy, utility, durability, and comfort; 4) the creation of
standards as key to the incorporation BIM, IPD and high-performance building values.

Additionally, expertise in this new way of looking at the process must be part of current
educational practices. Otherwise, universities will continue to add to the problem and impede
the implementation of new technology by producing new managers with only a limited
understanding of new possibilities. Education must take the lead in embracing new technology
and prepare students with the skills to not only implement technology but also to become the
catalyst that will bridge the gap between the old and new ways of project delivery.

The concept of master builder could come full circle, with design and build arriving back
together. Better technology, more effective communications and a concern for more than just
buildings will make the building industry better prepared for the future. The data revealed in
this paper is an important resource for the industry to reflect upon in order to evolve, striving to
perform a service in a better way and to do business better in general.
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Automatic Sizing of Wood-framing Crews Through BIM for
Training and Educational Purposes

Abstract

This paper presents a contribution towards integrating field-level construction knowledge in BIM
models. Specifically, the paper presents a simplified formula that allows using BIM information to
automatically select the optimal crew size for wood-framing activities. The derivation of this
formula consisted of first developing a method to automatically generate a list of tasks such as
lumber handling, measuring, cutting, placing, and nailing as well as the list of task precedents. The
task precedents were generated by applying geometrical and technological reasoning to the BIM
model while the duration for each task was determined based on direct observation of videotaped
activities. Second, The optimal crew size was calculated by using each of the available resource
leveling rules in Primavera (P6). In each case, the Late Start (LS) leveling priority rule gave the
total shortest duration. Based on the findings, a decision matrix for calculating the optimal crew
size was created and a step function was derived from it. Third, Autodesk Revit Structure with a
particular add-on feature was used to depict how a crew size can be extracted directly from a BIM
model. The paper indicates how this approach can be integrated in project management for
increasing the productivity and safety of framing operations (training purposes), as well as how
sizing the framing crew will be taught in any construction curricula that have a BIM lab
component (educational purposes).

Key Words: crew size, resource leveling, micro-scheduling, BIM, training, education™

1. INTRODUCTION

In construction industry, decisions made on site have a crucial influence on the crew productivity (for a literature
review of this point, see Day et.al. 2007, and Styhre and Josephson 2007). These field decisions are largely based on
the knowledge and expertise of the foremen. Experienced foremen know instinctively how to size the teams to
ensure maximum productivity. Unfortunately, with the aging of the construction workforce, this skill of the foremen
is rapidly vanishing. For the purpose of this paper, we will call a “crew” a group managed by a foreman and a
“team” the sub-group that is given specific tasks within a crew. For instance, a crew of framers can have five
members and may be split up by the foreman into a team of two and a team of three framers. This research focuses
on developing calculation to determine the most effective crew size using information readily available in BIM
models. We decided to select wood framing as a test case because (1) most BIM programs (such as Revit or
ArchiCAD) already have the capability to automatically design and represent all the elementary components (studs
and plates) of wall frames; and (2) we had access to jobsites where wood framing was taking place. The term “task”
refers to elementary actions, such as lumber handling, measuring, cutting and marking, placing, and nailing. Due to
the detailed level of the activity (task) description - lower than level 5 in the CSI work breakdown structure in the
CSI Master Format 2010 — the scheduling of the tasks will be referred to as “micro-scheduling”. While the study
focuses on framers involved in the production of wood frames for partitions and exterior walls, the presented
method can be applied to any other construction activity.

2. PROBLEM STATEMENT

Construction crew productivity and its impact on project cost and schedule has been the focus of construction
research for a long time (Randolph, Amr, 1995). Liberda et al. 2003, laid lot of emphasis on the importance of
external factors affecting labor productivity. However, Richardson’s (2003) study concluded that while the idea of
craft involvement in solving productivity is not new, it is hardly practiced on construction sites. Prior research has
focused on optimization at the level of operations above the whole crew. The focus of the latest research appears to
be on newer algorithms for minimizing the duration of repetitive projects with probabilistic activity durations, while
achieving continuous resource utilization (Srisuwanrat, 2009). Other authors (Kastor & Sirakoulis, 2009) were
concerned with the handling of scarce resources by the various PERT/CPM software packages.
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New concepts, such as “critical sets” and “critical clouds” are proposed by Rivera & Duran (2004). Rivera &
Duran provide a consistent and unified treatment of criticality in projects with resource constraints, but the
application of their algorithm is still aimed towards the above crew level of the project. While these algorithms are
useful for optimizing whole projects, schedulers, field management and crafts people need simpler principles to
optimize the productivity of their crews and a quick and automatic way to size them. The case studies presented in
this paper compare resource leveling algorithms and priorities in Primavera (P6) to determine the optimal size of
crews. The research considers the limitation of resources (number of framers) and the pool of available tasks
required to be accomplished for completing wood frames of interior and exterior walls. The reason behind selecting
Primavera (P6), as well as using micro scheduling for crew sizing was addressed in a previous paper (Maghiar et.
al., 2010).

3. OBJECTIVES
The main objective of this research is to use the information available in BIM models to determine the optimal size
of framing crews. This information includes the shape and connections of each component of wooden frames (studs
and plates). Specifically, the following four goals were established:

1. Determine an implementation methodology for team and crew sizing to improve on site productivity.

2. Test the possibility of automatically generating tasks from BIM models.

3. Application of the BIM information in the decision matrix to determine crew size for training and

educational opportunities.

4. METHODOLOGY

To achieve the objective of this research, the videotapes of four stick build wood framing structures were analyzed.
Each lumber element was assigned a specific code based on the observed sequence of their placement in frame.
Each task performed on these elements and its duration (in seconds) was then recorded in a table. For instance, the
task “cutting” can be applied to any of the studs in the frame. Cutting is preceded by measuring and marking. Three
types of constraints were then applied to each task: precedence constraints, resource availability constraints for
specific tasks, and resource continuity constraints for specific tasks. To obtain a practical and efficient schedule, it
was essential to account for these above mentioned constraints in micro-scheduling. A precedence network was then
created for all the tasks of each frame. Each individual task was assigned the resource of one framer, and the
duration (in seconds) obtained from the recording. The precedence network was then run on Primavera (P6) program
with each of the available resource leveling options, while increasing resource limits until the total duration of the
activity (building the frame) stabilized at an absolute minimum value (i.e. adding more framers would not reduce the
total time of building the frame). The results were then analyzed and used to create a decision matrix to calculate the
exact crew size. Finally BIM software, namely Revit Structure with an add-on component called MWF (Metal
Wood Framer), was used to obtain primary components to the level of studs and plates that could easily be inserted
in the decision matrix for obtaining crew size.

5. CASE STUDIES

Figures 1 to 4 show the four as-built frames with all the elements represented by a two-digit code (01, 02, 03, etc.).
Seven different types of tasks were identified and assigned to each element. The following notation was used to
describe each task and element. H XX Handle element XX; T XX Tape measure and Mark element XX, M XX YY
Measure and Mark element YY on element XX (Note that measuring and marking are one task, as one has no
practical value without the other); C XX Cut element XX; P XX Place element XX; N XX YY Nail element XX to
element Y'Y ((either through or toe nailing - the head of the nail is in element XX). For example, the available tasks
pertaining to element 6 in Figure 1 (frame 1) are as follows: H 06, T 06, C 06, P 06, M 06 05, M 06 10, M 06 13, M
06 14, M 06 15, M 06 34, M 06 78, N 06 02, N 06 34, N 06 05, N 06 78, N 06 10, N 06 14, N 06 15 and N 06 19. It
is worth noting that element 3 and 4, as well as 7 and 8 form two sub-assemblies. Once nailed, they form new
elements E 34 and E 78 that are dealt with accordingly. Other forms of sub-assemblies identified were elements 17,
18 and 32 (in frame 2) and elements 29, 30, 31, 32 and 33 (in frame 4).At this stage of the research, we consider
these subassemblies a-priority. Further research is needed for the automation of the decision making in regards to
these subassemblies. Each task and its associated duration from the videos were then entered in P6 program for each
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individual frame. To start with, the level of resource “framer” was set to 1. For instance, if C 15 took 3 seconds and

C 18 took 2 seconds (in Figure 1, frame 1), each was introduced with its respective duration.
[ 3

el

[ 1 ]

Figure 1.InteriorPartition wall — a wood frame built on-site by framers
25

16
2 2 21| 22

17,18,32=29

19+20=31

28 14+15=30 2 1
Figure 2. Interior wall with one door opening — wood frame built on-site by framers

Task precedence was determined using elementary geometrical and logical reasoning. These rules consisted
of the following precedence chain for every element: Handle, Measure and Mark, Cut, Place and Nail. Note that
Nail and Place are both successors of Cut in situations when two elements are nailed together even if they are not yet
in their final place. An example is E 03 and E 04 that are nailed together to form element 34. Furthermore, any
through nail that is covered by an element (such as N 11 03 covered by 12; figure 1, first frame), will precede the
placement of the covering element. The following is an example of the notation: N 11 34 - P 12.Using these rules
the precedence table was created semi-automatically using Excel. An excerpt of the precedence table for the first
frame is reproduced in table 1. Note how the placing of element 11 and element 12 (i.e. P 11 and P 12) have
respectively different types of predecessors. N 11 34 is a through nailing of 11 to 34. Since element 12 covers this
nail, P12 is preceded by N 11 34.Special rules were applied for the two existing subassemblies, specifically
pertaining to elements 3, 4 and 7, 8 (shown in table 1).

5. RESLUTS OF RESOURCE LEVELING

P6 resource leveling priorities such as Activity ID, Activity Priority, Early Finish (EF), Early Start (ES), Free Float
(FF), Late Finish (LF), Late Start (LS), and Total Float (TF) were tested to generate workable schedules. Other
priority options, such as Original Duration, by Department, by Phase, by Planned Finished or Planned Start,
remaining Duration, and by Responsibility were deemed irrelevant for the purpose of micro-scheduling. The total
production time was computed for a matrix of scenarios with constraints on the maximum number of available
framers (resources starting from one and going up to a maximum of twenty-six framers for each frame). The result
of “Late Start” resource-leveling principle, for the first frame is presented in Table 2.
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Figure 3. Exterior wall with one door and one window opening— wood frame built on-site by framers
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Figure 4. Exterior wall with one door and one window opening— wood frame built on-site by framers

Table 1
Predecessors for elements 11, 12 and predecessors for assemblies 3-4, 7-8
Element TASKS Predecessors Element TASKS Predecessors
Ell H1l S E12 C12 T12
T11 H11 P12 C12,P11,N 1134
Cl1l1 T11 E 34 MO01 34 HO01
MO0411 H 04 M 06 34 H 06
MO8 11 H 08 P34 N 03 04, M 01 34, M 06 34
P11 C11,M0411,M 0811 E 78 M09 78 H 09
E 12 H12 S M 06 78 H 06
T12 H12 P78 N 07 08, M 09 78, M 06 78

The productivity of the framers in a team was calculated as the fraction of the total time it took for one framer to
complete all the tasks (i.e. a “team” of one framer). Note that in table 2, the total time stabilizes at 76s, with a crew
of six framers. Increase in crew size above this limit only reduces the productivity, without any decrease in total
production time. The results of the calculations are depicted in the graphs presented in figuresS and 6. Two
important trends were observed:

1. Late Start priority rule proved to be the most effective approach for micro-scheduling in all four frames.
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2. There is a measurable decrease of productivity when increasing the allocated resources. This decrease is
important when deciding to crash a project.

Table 2
Duration and productivity in P6 for Frame 1

No. | Priority rule duTr(;ttai‘(l)n Resources units No. People 1;‘;221)1::;;1‘ Productivity DS::tsil:)n
1 Late Start 384 100% 1 384 100% 100%
198 200% 2 396 97% 52%
136 300% 3 408 94% 35%
104 400% 4 416 92% 27%
86 500% 5 430 89% 22%
76 600% 6 456 84% 20%
76 700% 7 532 72% 20%
76 800% 8 608 63% 20%
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Figure 5. Productivity comparison for different leveling priority rules in P6, first and second frame
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Figure 6. Productivity comparison for different leveling priority rules in P6, for third and respectively fourth frame

Based on the conclusions from the P6 results, the LS priority duration was compared to the Actual execution time as
seen in table 3. As expected, in all four studies P6 (LS priority rule) gave shorter execution times when compared to
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the actual execution, indicating the scope for productivity improvements (i.e. best possible expected time for the
given crew with the given individual skills). .

Table 3

Comparison of Production Time between Actual execution on site and P6

Duration-2 Framers

Frame One

Frame Two

Frame Three

Frame Four

Actual Execution

544 seconds

620 seconds

460 seconds

480 seconds

P6-LS Priority rule

452 seconds

514 seconds

399 seconds

466 seconds

6. DECISION MATRIX FOR DETERMINING OPTIMAL CREW SIZE

Based on the available information and the results from resource leveling (number of framers in the team), the
productivity loss dependency matrix was created. The matrix and the three-dimensional graph representing it are
depicted in figure 7. A one-framer “team” represents the baseline, as there is no theoretical loss of productivity due
to coordination. To ease the reading of the three-dimensional graph, the single-framer “team” was omitted. This
matrix allows us to automatically determine the maximum size of a team based on the size of the accepted loss of
theoretical productivity. For instance, if a 2% loss of theoretical productivity is accepted, then the maximum number
of team members is as follows: Frame 1 — 1 framer, Frame 2 — 2 framers, Frames 3 and 4 — 3 framers).

F
rames 9% -
Frame 1 Frame2 Frame3 Frame4 |
119 149 203 343 6% +
Framers Tasks Tasks Tasks Tasks |
39 =
1 Framer 0% 0% 0% 0% |
2 Framers 3% 2% 1% 1% 1% _;;
148 Tashs . g
3 Framers 6% 3% 2% 2% LN .
sTasks N T 4 Sﬁra
4 Framers 8% 5% 3% 3% ! 3 Frafhe Mers
2 Fram arn@f_g s
5 Framers 11% 12% 7% 4% &rs

Figure 7. Matrix of different productivity levels and framer availability (with known number of tasks)

An assumption was made that the real-case productivity will be proportional to the calculated
productivities. The largest teams we observed had three members which led us believe that the total accepted loss of
theoretical productivity is about 2%. Using 2% as a guiding number, the method described above can easily be
implemented to size the teams for framing. The guiding principle presented in table 4, is that the number of team
members is a step function of the total number of tasks required to build the frame. The critical number of tasks that
warrant placing 3 framers on a team (rather than 2) is between 150 (i.e. >149) and 203. We chose the number 200 to
compensate for the error in the simplified formula we use in calculating the total number of tasks. A close
approximation of the total number of tasks can be obtained by multiplying the number of components by four (each
component has Handling, Measuring, Cutting and Placing), adding two more tasks for each point where two
components meet (for Marking and Nailing), and then subtracting twice the number of full-length studs. Studs are
usually pre-cut, so Measuring and Cutting are not part of the list of tasks. For instance, Frame 1 has a total of 19
components and 32 points where components meet (11 vertical components induce 22 points and 5 horizontal
components induce 10 more points). Six (6) of these components are full-length studs. The simplified calculation for
the total number of tasks in frame #1 is 19 x 4 + 32 x 2 — 6 x 2 = 128 tasks (compared to the 119 tasks that were
observed in the video recording). We tested the team sizing function on Revit Structure with add on component
named MWF (Metal Wood Framer). The software correctly generated all the elementary components such as the
studs and plates as seen in figure 8. Currently, MWF provides the breakdown of the studs (king studs, jack studs,
headers, sole and bottom plates, cripple studs, etc.) which then is added to obtain the total number of studs per
frame. This information on the total number of task to be executed in any given frame when used in the production
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loss dependency matrix can provide us the optimal crew size. However, further research is needed to determine the
exact number of contact points based on the geometry of each frame.

Table 4
Team sizing as function of number of tasks

Number of tasks <=120 <=200 >200
Maximum Team Size 1 2 3

5 Parats Gureral 1t | Samsoninnt | Shssatormcnss | €ten | Wanriros |
. - e e Vi =
- C - 2] J L .
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ISOL1-1 - C150 (155109
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Figure 8. A wood frame BIM model integrating Revit Structure &MWF- generating total studs and plates

7. Discussion and conclusions

The goals of this research and the conclusions are reiterated below:

1. BIM has the capability to build each component of each element (such as studs and plates for wood frames).
With relatively simple programming, BIM information can be used for team and crew sizing. An approach
similar to the one presented in this paper is probably suitable for crew sizing as well. However, the aggregation
of the teams into crews needs further research. The opportunity for research in this paper indicates how this
approach can be integrated in project management for increasing the productivity and safety of framing
operations (for labor training purposes).

2. Late Start was the most effective criteria for micro-scheduling. However, the sequence of operations on the
critical path was haphazard. Our research in this area indicates that certain task sequencing based on simpler,
more easily comprehendible for adaptation on site is possible. The results of this research will be published in a
follow-up paper.

3. [Itis possible to calculate the maximum size of the teams without going through the entire process of P6
optimization. Experienced foremen are most likely using a similar approach in a natural, subconscious way.
They assign smaller teams (one or two framers) to simpler frames (i.e. fewer components and, hence, fewer
tasks) and teams of three framers to more complex frames. The minimum number of tasks for a team of three
framers is around 200. The fact that sizing of the framing crews can be taught in any construction curricula that
has a BIM lab component represents an educational opportunity to enhance learning in Project Management
classes. The learning is enhanced with the hands-on practice of labor crew assignments to various framing jobs.

4. In an academic scenario, students can be taught the principles of this research to develop their understanding of
construction on site productivity. They can be given the task of performing videotaped case studies of different
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construction activities, generating BIM models in a lab and relating them to the productivity loss decision
matrix to determine the crew size. This exercise will help project management students develop BIM
knowledge not just as a design tool but as a tool to develop construction field productivity. It will aid in training
the new generation while filling the gap on the vanishing skills of the highly experienced foremen.

5. Productivity of framing operations will potentially be increased by using BIM in the pre-planning of the micro-
operations. At this stage the possibility to automatically calculate the optimal team size for a frame was proven.
More research is needed for the optimization of the crew assignments and the parting of the frame in
subassemblies. Furthermore, this research can be used in training construction crews to improve their team
productivity while transferring knowledge to the field. Giving each crew member specific tasks, actions to
perform will help eliminate errors and improve quality and safety of crew’s daily operations.
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Abstract

Increasingly facility owners require a project team turnover an as-built building
information modeling (BIM) for use in operations and maintenance of a building.
Depending on the project requirements, the owner may assign the responsibility
for the creation and turn-over of the as-built model to the general contractor. As
a result there is an increasing need for members of the construction team to be
Sfamiliar with both the software application for BIM creation and the business
processes necessary to support a complete BIM with reliable information about
the facility. The creation of an as-built BIM requires the contractor must first
create the architectural, structural, and mechanical models based on drawings
and information provided by the designers — architects, engineers, and
consultants.  This requires there be an individual within the contractor’s
organization with skills and knowledge about various aspects related to each
design model. Once the design models are (re)created, the contractor uses them
to develop the BIM for construction. A complete construction model typically
includes the cost estimate, construction schedule, conflict detection with analysis,
and site logistics. The added requirement by the owner of an as-built model for
facility management involves adding the data specific for operations and
maintenance. The goal of the project presented in this paper is to better
understand the complexity of a contractor’s role on a project for which the
contractor is responsible for the BIM to the owner. To accomplish the goal, three
universities collaborated to form interuniversity teams with one student from each
university distributed to each team to fill the contractor’s role of using BIM for a
commercial building project. This paper reports the challenges and the details
about the project from two perspectives: 1) instructors — project organization,
learning objectives, and strategies, and 2) students — project organization, team
process, and strategies.

Keywords: BIM, Facility Management, Contractor, As-Built, Construction
Education

1. INTRODUCTION

With the increase of building information modeling (BIM) in AEC community, the owners and
facility managers’ use of that building information for facilities management is becoming more
commonplace and more anticipated. Owners can use BIM to optimize project collaboration with
the rest of the project team. “BIM is making everyone more collaborative early on,” says
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Charles Matta, director of federal buildings and modernization at the U.S. General Services
Administration (Tuchman, 2008).

BIM has been seized upon by owners, designers, contractors, and suppliers as a manner in
which to reduce costs, inefficiencies, claims and conflicts on projects. BIM involves the
development of three-dimensional modeling which allows a virtual or digital simulation of a
facility to be created, viewed, changed and evaluated. In the evolution from more traditional
computer-aided design (CAD), BIM has been deemed to be an intelligent representation since it
allows for detailed information about the various building elements to be included within the
design (Haynes, 2009).

Why Would Owners Want BIM?
Owners and facility managers can use the BIM model and data for renovations, space planning,
maintenance, asset tracking and much more. The BIM model can also be used to graphically
illustrate potential security issues, signage, evacuation plans and building analysis (AGC, 2008).
Lewis clearly addressed the factors driving owners demand for BIM along a project’s lifecycle in
his 2010 article:
= In the early design stage the owners benefit from 3D visual communication of the
designer’s ideas and benefits the owners by creating a common language (visual
language) that everyone involved can comment on.
= In the late design/ pre-construction stage visualization helps as well. Everyone can
understand a particular condition better by using a virtual model of that condition.
Models can also be investigated for coordination issues (clashes) involving all of the
building’s systems. The owners benefit at this stage in cost and schedule.
= In the construction stage, if contractors have a clear idea of design intent due to a well-
built BIM model, the owners would save money (and time) with a reduction of Request
for Information (RFIs) and change orders.
= At handoff, the owners benefits when the BIM models contain data such as O&M, specs,
and warranties. The model that can serve as a repository for all of that information.
= After a project is turned over to the owner, the BIM model can then serve as a start for a
facility management (FM) database. Then model can allow the owner and operator of the
building to access FM data in a rich visual environment, which can give them dramatic
returns in efficiencies and quality.

With such advantages of BIM, government agencies such as the U.S. General Services
Administration (GSA) now require the delivery of spatial program information from building
information models for major projects that are receiving design funding since Fiscal Year 2007
and beyond (Snoonian, 2005). U.S. Army Corps of Engineers (USACE) has recognized that
BIM supports its strategic organizational goals and provides best opportunities for its projects,
and has started promoting BIM in its projects as well. Given the O&M phase accounts for 85%
of facility cost while the construction cost accounts for only 15% of the total cost for the facility
it is not surprising the increase in BIM required for the design and construction of facilities.

BIM for Construction

BIM is becoming a “growing factor” in how contractors do business in the U.S. A primary
reason of the creation of BIM is that conflicts within the design and construction documents that
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have created an environment where change orders have become commonplace (Stauffer, 2008).
BIM makes it possible to solve these conflicts and reduce the amounts of change orders and RFIs
dramatically. BIM models produce detailed electronic and hard-copy construction drawings that
show a significant amount of detail. For contractors, there are advantages and disadvantages to
using BIM and it is important that they recognize the effect this technology may have on their
work (Carlin, 2010).
Advantages of BIM for construction:
» Visualization. BIM models are relatively easy to understand and show depth and
elevation in a clear, visual way.
= Collaboration. BIM allows for unprecedented collaboration. BIM models give all
contractors an opportunity to sit down together and work through issues before
construction begins, especially in the case of “clashes” that can lead to the “stacking of
trades” - areas where two different contractors plan to install material in the same space,
sometimes at the same time.
= Cost Saving. By the reduction of design and construction errors in the early stage and
reduction in time required to complete construction, BIM can save cost for the
contractors.
Disadvantages of BIM for construction:
= Extra Costs. The use of BIM requires significant training, and software program and
hardware update.
= More Work Upfront. BIM requires more effort at the outset of a project. When BIM is
used, the contractor must first sit down with the designer and other prime contractors and
create the collaborative model before beginning construction.
= Disruptive. Although one of the advantages of using a BIM model is that changes can be
made quickly, BIM can disrupt the general procurement and construction process when
ordering items that require a long lead time, especially if changes occur during the
process.

Why Would Constructors Create Their Own As-Built BIM?

In a perfect world, the owner, design team, and contractor work closely throughout the whole
BIM process. Architects and engineers develop the building information models; contractor
reviews the models and provide feedback to the design team on constructability or building
system interferences; the design team uses the feedback from contractor to make adjustments to
their model that would create significant cost-saving benefits during construction; and then the
design team passes the revised models to contractor as a construction management tool for cost,
time, safety and quality control. Such process has the capability of improving coordination and,
subsequently, documentation. This will reduce construction-related questions, leading to a
reduction in change orders and the length of construction.

However, due to several reasons like liability concerns, quality concerns, unauthorized
reuse of intellectual property, appropriateness of BIM projects, an architect normally does not
want to share BIM projects with contractors (Brown, 2010). On the other hand, because of the
lack of confidence in the design models, uncertainness of ownership or copyright, extra time
spent reviewing models, availability of software and resources, and other issues, in the current
stage of BIM practice, many contractors are unwilling to acquire BIM models from designers.
They just develop their own as-built models for construction management and turn it over to
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owner at the end for as-built document or facility management (Azhar, 2010). In some other
circumstances, the owner may assign the responsibility for the creation and turn-over of the as-
built BIM model to the general contractor.

As aresult there is an increasing need for members of the construction team to be
familiar with both the software application for BIM creation and the business processes
necessary to support a complete BIM. This also requires there be individuals within the
contractor’s organization with skills and knowledge about various aspects related to BIM. Once
the design models are (re)created, the contractor uses them to develop the BIM for construction
activities, such as cost estimate, construction schedule, conflict detection with analysis, and site
logistics. The added requirement by the owner of an as-built model for facility management
involves adding the data specific for operations and maintenance. The goal of the project
presented in this paper is to better understand the complexity of a contractor’s role on a project
for which the contractor is responsible for the BIM to the owner. To accomplish the goal, three
universities, Auburn University, California Polytechnic State University (San Luis Obispo), and
the University of Oklahoma, collaborated to form interuniversity teams to fill the contractor’s
role of using BIM for a commercial building project.

2. INTERUNIVERSITY PROJECT DESCRIPTION

The goal of the interuniversity project was to demonstrate the challenges and benefits faced by
virtual construction teams tasked with the creation of an as-built BIM for turnover to the director
of facilities with complete confidence. Students were assigned to one of three teams with one
student from each university on each team. Industry sponsors provided three different real-world
projects to model, estimate, schedule, and turn over as-built information for operations and
maintenance (O&M). As-built drawings and specifications for facilities are the ultimate
deliverable for this activity. It was expected that each team member would bring different skill
sets to the project and consequently enhance the fabric of the information exchange. Throughout
the process team members will be exposed to different software to achieve the best results.
There are many software solutions to choose from and we can expect strong cross-disciplinary
skills to surface. This exercise will elevate strong leadership talents which will promote team
performance.

Coincidently all teams will be working on hospital projects that are either complete or
near completion. These are very real examples of good architecture, engineering and
construction. Because there are three separate projects the teams are not competing with each
other. In addition individual team members will be encouraged to gain knowledge by conversing
with classmates on other teams. Because these are real projects we will be able to compare the
team results with what actually happened in the field and the final facilities report.

To complete their project and make a final presentation the students will be exposed to many
software packages to achieve a level of detail (LOD) of 300. Students will be expected to load as
many programs as possible on their personal laptops. Most of these programs are free to full time
students The following is a list of software companies that provide a range of technical
sophisticated programs to help the students succeed: ArchiCad, Artlantis, Constructor,
MSProject, NavisWorks, Onuma System, P6 Primivera, Microsoft Project, Prolog, Revit
Architecture, MEP and Structures, Solibri, Tekla and Tekla BIMsight, Trimble, Vico Office,
WinEstimator and others. There are many mechanical, sustainable and ECO friendly programs as
well that students may elect to utilize. BIM technology has expanded greatly in just a few years.
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Some are more user-friendly, some are more precise, some are faster using less computing
power, and some are multifunctional. The goals are to not only produce an accurate graphical
model but also tie the estimate and schedule to the model so that any changes to the model will
result in a change of the estimate and schedule.

3. CHALLENGES

This section of the paper discusses the challenges faced by the instructors during the project’s
planning phase. Details about the instructors’ approach to develop a unique learning experience
are also included in this section. The challenges discussed here include both the actual
challenges experienced, and some possible challenges students might experience during the
project’s execution phase. The instructors’ main focus during the planning phase was on the
project’s organization, learning objectives, and execution strategies. The instructors’ agreed
early on in this phase that their goal was to create a project for students to participate in that
provided an authentic learning experience supported by instruction. As discussed in the previous
section, the problem was a real-world project that would be anchored in the realistic problem
situation. This approach is typical to the constructivist philosophy for instruction and is uniquely
identified as contextualism. Guiding contextualism are two key assumptions: 1) learning should
occur in realistic settings and 2) testing should be integrated into the task. (Smith & Ragan,
2005).

The planning phase began in April of 2011, approximately four months prior to students’
involvement with the project. Instructors began brainstorming about the possibilities during this
phase. Dialogue at this point was informal and conversational in its approach, absent of rigid
agendas or prescribed objectives for meetings. This phase of the project proved quite fruitful as
several decisions were made that ultimately established the guidelines for the project.

Project Organization

One of the first challenges faced by the instructors was to determine the appropriate number of
students and student teams for the project. In addition to the number of students and teams, the
student profile was considered and decided that all students should be from the construction
discipline since the project’s goal was to demonstrate the challenges faced by constructors tasked
with delivering an as-built model to the owner when the design model is not shared. Another
challenge faced early in the planning phase was coordinating the project’s timeline. This
seemingly easy task was complicated by the fact that two of the universities were on a semester
schedule and one was on the quarter schedule. Based on this gap in university schedules, the
instructors agreed the team assignment duration would be six weeks and it would start mid-
September and complete early November. With decisions made about the student team
composition and project timeline, the instructors faced the challenge of identifying the building
type and an appropriate size of facility for the assignment. All instructors agreed on using
commercial buildings. However there were three primary factors that influenced the decision on
the size of facility. First of all the instructors were tasked identifying a size of facility that would
provide a challenge for the students, yet be reasonable in its scope so not to overwhelm the
students. The next challenge faced by the instructors in identifying the right size of facility was
the fact that all the teams were new and virtual, thus adding a layer to the complexity of effective
communication between team members. Finally the size of facility must align with the six week
timeline for the project assignment.
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With the student team composition, assignment timeline, and size of facility determined,
the next step was to plan the deliverables for the assignment. In keeping with the project’s goal
the instructors decided the deliverables would include the architectural model, structural model,
MEP model (simplified and optional), cost estimate for certain work packages, construction
schedule, and site layout. The final challenge in the planning phase was to recruit industry
sponsors. The instructors decided that each one would recruit an industry sponsor for each
student team. The industry sponsors were asked to provide documents and support for a facility
that was recently completed by their company. The fact that the universities were geographically
dispersed added richness to the opportunity in this area.

As mentioned previously the duration for the planning phase spanned four months, which
seems lengthy however the extended timeline allowed the instructors to think creatively about
the project and explore the possibilities. Many of the ideas discussed during the organization
phase were integrated into the project, however many were not due to the expected limitations
associated with the assignment. The limitations identified were 1) lack of experience with a
distributed team project, 2) uncertainty about the students’ abilities to execute the project in a
virtual team environment, and 3) questions about the assignment scope’s relationship to the
projected learning curve for the students. Consequently in the discussions about the limitations,
a specific set of learning objectives emerged and were considered the foundation from which the
students would build and develop individual team approaches to meet each objective.

Learning Objectives

Identifying learning objectives for the assignment challenged the instructors to think beyond
their previous experiences of developing learning goals for students in the classroom. The
objectives for this assignment must be specific for the construction students that would be
working in a virtual classroom. The four learning objectives in this assignment were:

1. Develop an as-built model from a set of traditional construction documents that is in
accordance with the project requirements.

2. Given the virtual work environment dictated by distributed team members, implement
interaction processes based on the six aspects of teamwork quality (TWQ) for effective
performance.

3. Recognize the traditional business processes common in the construction industry that
need revisions for work in the BIM environment and describe the recommended
revisions.

4. Given the access to industry sponsors for the project, develop a system for feedback from
the sponsor through which real world experiences using BIM for construction is
conveyed and assimilated by team members working on the current project.

Execution Strategies

The students participating in this project were senior level undergraduates and second year
graduate students who had the technical construction knowledge expected at this level from both
the classroom and industry work experiences. Based on the student profiles for this project, the
instructors agreed that each team would ultimately be responsible to determine their own
approach to meet the project’s learning objectives. The instructors did however address each
objective and provide the students with a list of items to complete successfully in order to meet
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each objective. The instructors anticipated that students might struggle with the execution phase
of the project. As a result, the instructors identified key areas in which the students should
concentrates efforts in developing execution strategies. Student teams were provided with the
following list of strategies that should be employed to complete specific tasks required by the
team assignment.
a. Assign responsibilities for task completion based on technical expertise and software
skills.
b. Follow the six aspects TWQ for effective team performance (Hackman & Wageman,
2005):
1. Communication is frequent unencumbered two way communication.
2. Coordination of project work that is distributed across team members based on
individual member’s area of expertise.
3. Balance of contributions such that all team members bring in task-relevant
experiences and apply them in a way that seeks to avoid mistakes
4. Mutual support exists within the team so team members cooperate with each
instead of compete with each other
5. Level of effort to complete the tasks is continuous
6. Cohesion demonstrated in the team’s commitment to the task as a unit
c. Identify ways to improve traditional business processes based on historical best practices.
d. Establish a relationship with industry sponsors and learn from their expertise.

In addition to the topics above, the instructors discussed their role in the project during the
execution phase and it was determined that the instructors role would evolve from educator to
coach. The evolution from educator to coach is consistent with the constructivism philosophy on
education and contextualism (Smith & Ragan, 2005).

As discussed earlier in this section, TWQ is a way to effective performance and is an area of
focus for this project in both the learning objectives and execution strategies. Consequently
TWQ guided the decision of the instructors to act as coaches during the project execution stage.
The instructors’ decision is grounded in prior studies on project team coaching that identified the
relationship between a coach’s actions and the coach’s actions that can foster team effectiveness
(Hackman & Wageman, 2005). The instructors agreed to incorporate the following two
recommendations for actions in their role as team coach.

1. Coaching behaviors should focus on salient task performance rather than on interpersonal

relationships

2. Coaching interventions should be made at times when the team is ready for them and able

to deal with them

4. Conclusion

At the time of paper submission students at Auburn University and the University of Oklahoma
were returning to classes after summer break and anxiously anticipating the project start when
California Polytechnic University students return for the fall semester. Students began
preparation for the project through various activities — traditional business process research,
project construction documents’ review, and learning more about each industry sponsor. In the
end student teams will meet face to face for the first time at the Ecobuild 2011 conference in
Washington DC thanks to the industry sponsors. Students will present their projects as a team to
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the instructors, educators, and industry professionals. Due to the time constraints teams will
have to quickly develop a presentation strategy.

The instructors hope this project and team assignment will influence other universities to
incorporate similar exercises into their curriculum. The instructors’ mission was to provide a
learning experience for students and a demonstration project for industry as a means to highlight
areas that need improvement if BIM is to be widely adopted within the AEC industry.
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Abstract

A Building Information Model (BIM) has distinctively interdisciplinary contours. It is something
more than a suite of interdisciplinary tools. It is also a process, more aptly described as virtual
design and construction. A new paradigm flows from this process: The built environment can
now arise from the modeling of knowledge, collected from collaborating partners, in a virtual
process. In this new paradigm, the importance of individual skills yields to the primacy of
collective knowledge. Tomorrow’s students need collaborative sense because a BIM demands
collaboration for its viability as an organism.

An intriguing research question explores and perhaps reverses the causal relationship between
the organism and what sustains its viability: If the virtual design and construction process were
to be imposed upon interdisciplinary student teams, would collaboratively induced knowledge
arise as a consequence? In other words: Is BIM the topic of pedagogy or the tool with which to
transform pedagogy?

Cal Poly’s Interdisciplinary Project Delivery Studio (IPD Studio) is populated with students and
faculty in Architecture, Architectural Engineering, Landscape Architecture and Construction
Management. Enrollments exceed 72 students per quarter, three terms per year. The IPD Studio
employs an integrated curriculum that traverses site design, adjacencies and stacking, mass
modeling, schematic architectural and landscape design, conceptual structural design,
construction sequencing, day-lighting studies, energy modeling, probabilistic scheduling and
estimating of design and construction, construction logistics, value planning, and life-cycle
costing. Among its other qualities, the IPD studio is a unique incubator of collaborative skills.

This paper will describe a classroom initiative that employs a virtual design and construction
schema to attempt to understand the effect that BIM has upon collaborative knowledge
development.

Keywords

Building Information Model (BIM), Macro-BIM, Integrated Project Delivery (IPD),
Collaborative Knowledge Development, DProfiler.
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1. INTRODUCTION

The College of Architecture and Environmental Design (CAED) at the California Polytechnic
State University in San Luis Obispo, California offers a unique, multi-disciplinary course for 4™
year undergraduate students from four departments within the CAED: Architecture,
Architectural Engineering (Structural Engineering), Construction Management, and Landscape
Architecture. The course, called the Interdisciplinary Project Delivery Studio (IPD Studio), is
taught by a team of four professors in the disciplines of Architecture, Architectural Engineering,
Construction Management and Landscape Architecture.

Its instructional design provides students with short lectures and informal desk critiques,
augmented by site visits, analytical exercises, and case studies. Guest lecturers are engaged to
provide topical information within their areas of specialization. Students present their work
throughout the term, typically to a panel of external clients. The studio meets in five-hour
sessions, three times a week, over a 10-week term. Meetings are in two, large laboratory spaces,
each featuring a common area suitable for lectures and presentations, and separate work areas for
student partnerships. The laboratory is open 24x7. New sections are taught each term (quarter)
with three terms per academic year. Enrollments have been growing and now exceed 70 students
each term.

2. PAST PROJECTS

Recent sections of the IPD Studio have undertaken, among other projects, a residential infill
project focused on the rebuilding of the Broadmoor neighborhood of the City of New Orleans;
design of portions of a master pan for the Sedgwick Reserve, a 4,896-acre parcel located in the
Santa Ynez Valley in the coastal region of California; conceptual design of a new hub for digital
fabrication within an existing suite of historical buildings on the campus of Cal Poly in San Luis
Obispo; and a best value design-build proposal for 34,300 assignable square feet of new
buildings and facilities for the College of Creative Sciences on the University of California Santa
Barbara campus.

The challenges presented with those projects included high visibility, ADA compliance,
hurricane-resistant design, LEED certification, universal design, cost constraints, schedule and
phasing constraints, energy efficiency, historic preservation and adaptive reuse, sustainability,
linkages between buildings and outdoor spaces, and innovative technologies.

Deliverables typically include an executive summary, project overview, program description, a
site planning and development summary, conceptual design, schematic design drawings for
buildings and site, structural design and analysis, a probabilistic cost estimate and project
schedule, a cost model, a value planning analysis, a summary of relevant codes and standards,
and other deliverables to meet the requirements of each specific project.
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3. PROBLEM STATEMENT

Each quarter, students of the IPD Studio are organized into as many as
twelve interdisciplinary partnerships. When these partnerships of
engineers, architects, and construction managers are cast together they
do not necessarily get along together. They come from different
academic cultures. Notwithstanding the stereotyping, engineers are
analytical, construction managers methodical, and architects are
reflective.’ On the interpersonal level, partners are strangers when first
grouped together.

It is only when partners work together over time that they become
cohesive enough to evolve into self-managed and truly effective learning
teams (Michaelsen, Knight & Fink 2004). Team development occurs
through a series of interactions that enable individual members to test
the extent to which they can trust their peers to take them seriously and
treat them fairly (Michaelsen, Knight & Fink 2004). Newly formed
partnerships tend to engage in small talk; members displaying skill at
navigating around debate so as to avoid disagreements. Usually the most
competent member will dominate at first, leaving untapped the
experience and knowledge of the other members. It takes most groups in
excess of 20-25 hours of working together before that pattern starts to
change (Watson, Kumar & Michaelson 1993).

Cohesive, effective learning partnerships have members that are willing
to challenge each other to find the best course of action. The key to
developing productive behavior is to cause students to work together,
face-to-face, for a sufficient amount of time. Students will risk

1 Preferences testing (a testing method acquired from research authored by Allen F. Harrison and Robert M.
Bramson (2002)) of 209 IPD students over 4 quarters suggests that while students’ preferences defy all
stereotypes, a plurality within each discipline conforms to an ARCE as analyst, CM as methodical, ARCH/LARC
as reflective (LARC more so than ARCH) characterization. Wherefrom, it could be argued that the disciplines
form their cultural identities by subordinating their differences to the majority view. In that event, the
cultural norms become whatever the plurality prefers.
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challenging each other as they get over their initial concerns about
creating a bad impression for themselves by being “wrong”. The
willingness to engage in productive intergroup dialogue— as opposed to
win/lose debate or its counterpoint, the avoidance of all conflict — arises
as students stop having to worry about being misunderstood by the other
members of their partnership (Zuniga, et. al. 2007). Dialogue fosters
understanding and from understanding comes trust. With trust,
communication becomes more open. When this occurs, studies have
shown that 98 percent of partnerships will outperform their own best
member on learning-related tasks (Michaelson, et. al. 1989). It is this
outcome that we seek. Yet face time alone does not guarantee that
outcome. A high-performance partnership takes more than sitting in the
same room together. However, sufficient face time is a prerequisite for
high-performance partnering, for without it there is little opportunity for
trust to grow.

It has proven difficult, however, to accumulate sufficient face time, early
enough in each quarter, for cohesion to take hold within student
partnerships. Part of the problem can be attributed to hardware. The
studio meets in two large laboratory spaces. While those laboratory
spaces are large enough, there are no computers except for student
laptops to be found there. Students need specialized software such as
Primavera P6, Timberline Estimating, Revit Architect and Revit
Structure, and more powerful computers for “rendering” with Adobe
Photoshop. Unwilling to tie up their laptops for extended periods of
time, students prefer to render on university computers. For access to
specialized software or to render, students retreat to the labs in their
home departments. They complete their work in the home department
laboratories but they complete it only by sacrificing the face time needed
to develop a cohesive partnership.
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Another part of the problem has to do with the configuration of furniture
within the studio. Furniture is arranged in U-shaped bays. It is quite
common to see teams of 4 to 6 students working in a bay, each student
diligently working on his/her laptop, but all with their backs to each
other and not a word being spoken between them. Yet students should
not be criticized for this behavior. They have been given no other choice
but to work with their laptops if they want to work in the same space
together. So when they work together with their laptops they do what we
ask of them and the absence of personal contact is the consequence. To
foster intergroup dialogue we must reconfigure computers, monitors for
group viewing, and furnishings in such a way as to turn students toward
and hopefully talking to each other.

Yet another part of the problem has to do with finding a central focus to
engage all of the disciplines, particularly during the first few weeks of
the term. CMs and ARCEs are reluctant to contribute to a discussion on
massing for their unfamiliarity with that concept. Even when a CM
attempts to contribute, they are expected to comment on costs. However,
CMs do not enter the studio with conceptual estimating skills. ARCH
and LARC students tend to model with Google SketchUP and Rhino.
ARCEs prefer Revit Structure. CMs are likely to know either Revit
Architecture or ArchiCAD. Because their tools are different they
develop separate models. Later, they hope to show that the ARCEs
model was close enough to the ARCH model to validate the structural
system’s design. Students might want to build something together but

they need material in their wheelbarrow if they are to have something to
build with.

4. HYPOTHESIS

The complex, multi-disciplinary project deliverables required by the IPD Studio tend to allow
students to work separately on task. Accordingly, tasks are readily divided up with little or no
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comparison or feedback. Low team accountability is the consequence of rewarding individual
effort (Porter, et. al. 1994). Team-based learning, by contrast, is a particularly good instrument to
help students to learn how to work collaboratively (Michaelsen, Knight & Fink 2004). Moreover,
as an instructional strategy, team-based learning generates a very powerful level of educational
energy (Birmingham & McCord 2002). Not only does this enhance the quality and rigor of
student learning but it teaches students how to form and sustain collaborate relationships. In
other words, they learn collaboration by collaborating.

The instructional design of the IPD Studio has two levels. On one level there are large, complex
project deliverables. On another level there is a stream of team-based instructional assignments
that teach content and engage the student in understanding collaborative behavior. The
hypothesis of this instructional design seeks to determine if the collaborative know-how gained
at the assignment level will inform student successes at the complex project level.

5. METHODOLOGY

“"Once [a partnership] is implemented, the growing body of
shared information and mutual knowledge should enhance
trust between the partners, because it increases their ability
to understand each other better and hence predict each
other’s actions. Eventually, the experience of working
together may produce a sense of shared identity and personal
friendship. In short, the partners develop trust through the
repeated experience of working together, making joint
decisions and other contacts which generate familiarity and
then bonding.”

(Child, Faulkner & Tallman 2005)
The research methodology is designed 1) to increase opportunities for
collaboration between the disciplines through the use of hardware and
collaborative furnishings; and 2) to create the necessity for collaboration
by deploying BIM as a central focus at a critical interface between the
disciplines.

5.1. Hardware

Two iMac 3.1GB 27” large-screen 17 computers running Windows 7 will be provided in each of
12 student workstation bays in the two studio spaces. This new, 17 iMac is robust enough to
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handle heavy Adobe Photoshop use, BIM design and heavy rendering or photo editing work. The
software build of each iMac will include all the specialty tools employed by the students,
including but not limited to Google SketchUP, Rhino, Adobe Photoshop, Revit Architecture,
Revit Structure, Navisworks, ArchiCAD, and Primavera P6.

5.2. Collaborative Furnishings

Furnishings and computer/monitors will be reconfigured in a way to promote collaboration and
intergroup dialogue. An iMac 27 computer can also be an external monitor, a very expensive
external monitor but an external monitor nonetheless. Keyboard controls on the Mac enable the
user to toggle the display input back-and-forth between different computers. Atlona AT-DP400
Dual-Link DVI-I to Mini DisplayPort Converters will be provided. This device converts DVI to
mini-Displayport. With this device, student laptops PCs with high-resolution signals should be
able to drive the high-resolution display of the iMac 27”. Lower resolution PCs and older Macs
should drive the iMac27” display with varying degrees of success.

Student partnerships will be situated to face each other while displaying their work on a pair of
27 iMac monitors. They will be able to display any combination of the own, personal laptops or
the university-supplied iMacs side-by-side. This sort of open, comparative display facilitates
group learning and decision-making.

5.3. BIM Deployment

Beck Technology, a wholly-owned subsidiary of the Beck Group,
provides BIM software and services to contractors, architects, and
owners. Beck’s DProfiler™ 1is a Macro-BIM solution used in the
planning and conceptual design phases to produce an accurate,
simultaneous cost estimate. Licensed versions of DProfiler will be
provided to the IPD Studio teams. Its deployment is expected to create
the necessity for collaboration by constituting a central focus at a critical
interface between the disciplines.

Traditional BIM solutions deal with Micro-BIM models that provide value in downstream
processes, such as the production of construction documents and clash detection. DProfiler™ is
used specifically to help project teams make better, more informed decisions earlier. It is also at
this early stage of a project that instructors must facilitate the development of more collaborative
behavior patterns within their students.
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The DProfiler software suite is interoperable with both native Revit files and employs IFC
protocols2 it complements all other BIM platform, in particular Revit, ArchiCAD, Navisworks
and Tekla (see Figure 2). SketchUP and Rhino files, what ARCH students prefer to create with,
can be uploaded to DProfiler. Models can be downloaded from it in the form of native Revit
Architecture, Revit Structure, or as [FC files for ArchiCAD and other open interface software
such as Tekla and Navisworks.

Beck BIM Toolset

| Construction

Field BIM

Synchro

DProfiler

Navisworks

Excel/ Innovaya / Timberline

meq Beck Technology

Innovation in all Dimensions

Figure 2 — Market positioning and interoperability of DProfiler

6. SUMMARY

Each term, Cal Poly’s IPD Studio students undertake a challenging project that exposes them to integrated project
delivery. Collaborative learning helps students to succeed at these challenges. Seeking to determine if
collaboratively induced knowledge would arise as a consequence of the imposition of BIM at a critical interface, the
studio will be providing each of twelve student teams with, among other things, dual iMac 27” computers running
an extensive suite of software; furnishings, collaboratively rearranged; and DProfiler conceptual estimating
software. Desired outcomes of this initiative are: superior group learning, more collaborative behavior, and

2 Industry Foundation Classes (IFC) is a neutral file format that makes it possible to exchange information between
different disciplines and different software in the building industry. IFC is an object-oriented file format with a data
model developed by the International Alliance for Interoperability (IAI) a working group within the Build Smart
Alliance.
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improved decision-making.

The IPD Studio’s faculty will be tasked to compose the methodology and to test the research hypothesis: does
collaboratively induced knowledge arise as a consequence of imposing BIM on student teams? This paper describes
the initial steps in the orchestration of that knowledge suite.
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Abstract

This paper presents a case study of implementing model quality control measures in a Design-
Build Senior Project (a.k.a. Senior Design) course at MSOE (Milwaukee School of Engineering).
The Senior Design course consists of three-part series in developing a design-build proposal for
a real client. Each design-build team includes 7-8 undergraduate students from various AEC-
related disciplines including architectural engineering, environmental science, and construction
management. BIM has been integrated into the design-build studio since 2006. However, it is
often difficult to leverage the full potential of BIM due to inadequate quality of the building
models created in the earlier design phase. A “model quality control” assignment was assigned
to Construction Management (CM) students to remedy the issues related with model quality and
integrity. The CM students acted as BIM managers who are responsible for design review
sessions as well as design coordination meetings. They were required to implement four model
quality control measures including visual model inspection, clash detection, quality control
report, and coordination meeting. The goal of model quality control was to ensure that the model
is being used to its full capabilities of producing accurate engineering drawings, construction
documentations, schedules and quantities for estimating purposes. Another purpose was to
ensure that the structural and MEP models were developed soundly to be used for design
coordination and clash detection. The students were asked to prepare model quality control
reports that summarize quality control process, design deficiencies, and quality improvement
solution. This case study demonstrates the significant value that BIM model quality control can
bring to integrated design process. The results of this case study also indicate that model quality
control measures help students improve the downstream use of BIM data for the entire design
phase.

Keywords

Model Quality Control, BIM, Design-Build, design coordination

1. INTRODUCTION

The Civil and Architectural Engineering and Construction Management (CAECM) Department
offers a four year BS degree in architectural engineering with a specialty in building structural,
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building mechanical or building electrical design. Students may also earn a BS degree in
Construction Management, or they may do a dual major earning a BS in architectural
engineering and a BS in construction management in five years.

In fall of year four, students take AE/CM4712 Design-Build Senior Project 1. They are
grouped into teams that will stay together for the entire year. Students are grouped in teams that
would ideally contain an even distribution of specialties, two structural, two mechanical, two
electrical and two construction management students for a team size of eight members. This
ideal team size seldom happens due to the varying number of students in each specialty area and
overall size of the class. Assignments can be scaled up or down depending on the number of
students on a team to insure a realistic workload.

MSOE runs four sections of Senior Design with three teams in each section for a class
size of about one hundred to one hundred and ten students. Each section is team taught by an
architect, engineers in each of the specialty areas as well as a construction manager. Since an
Architectural Engineering (AE) degree requires some architectural design content, all AE
students share in the architectural design. These are real projects in very preliminary planning
stages for real clients. Clients are charged a nominal stipend to reimburse students for
presentation materials and model building supplies.

In fall the architectural program is completed. Activities include site visits, client
interviews, code search, building type research, etc. The deliverable at the end of fall is the
building program, preliminary budget, and schedule. All of the activities in the fall are led by the
architects and Construction Management (CM) faculty.

In the winter quarter most of the architectural design is completed. Students make three
presentations. Schematic design to the client in week number three, code review to a Milwaukee
plan examiner in week number six and their final architectural design presentation on Saturday
of week number nine to their client as well as outside experts in the architectural, engineering
and construction management fields. It is usually a jury with six to ten members. This provides
important feedback from professionals other than their faculty advisors and it provides the
CAECM Department an independent assessment tool that can be used for program accreditation.
The final week of the winter quarter is used by students to make final architectural revisions to
their designs based on feedback from the jury.

In the spring quarter AE students take AE4731 Design-Build Senior project 3 and
AE4733 Working drawings. In AE4731 Senior Project 3 students work closely with their
specialty advisors to finish the engineering calculations and design. Architects are not involved
in this class at all. In AE4733 Working Drawings students spend part of the time working on
architectural working drawings and most of their time working on the engineering working
drawings for their specialty. CM students take CM4733 and they work on final estimates
schedules and mobilization plans. At the end of the spring quarter they all make individual
presentations to guest jurors from their specialty to defend their calculations. As with the winter
presentations this provides valuable feedback for both the students and the program.
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2. BIM COURSES AT MSOE

MSOE offers two courses in Building Information Modeling (BIM), AE1312 and AE3311. Both
courses are offered as one hour lecture and two hour lab per week, for one credit. Phasing in
BIM at MSOE began in fall of 2007 when AE1312 Introduction to Building information
Modeling 1 replaced AE1311 Introduction to CAD. This course is taken in the fall quarter of a
student’s freshman year. Both BIM courses are required for Architectural Engineering and
Construction Management degrees. AE1312 is five weeks of basic AutoCAD and five weeks of
Revit Architecture. AutoCAD is still part of the curriculum because the CAECM Industrial
Advisor Committee believes some knowledge of AutoCAD is still an asset to graduates entering
the industry. Students have an opportunity reinforce these modeling skills in AE100, AE1301
and AE2212. AE3311 Introduction to Building Information Modeling 2 is offered in spring of
junior year in preparation for the start of Senior Design the following fall. In addition, CM
students will gain working knowledge on model-based estimate, model-based schedule, 4D
scheduling, and clash detection in CM specialty courses. Even though Revit has been used in
Senior Design since 2006, it was not required until the freshman class of 2007 became seniors in
the fall quarter of 2010.

3. BIM IMPLEMENTATION IN SENIOR DESIGN

Until fall of 2010 BIM software was available but its use was optional. Senior Design Teams
that utilized BIM could be classified as pioneers or early adopters. It is hard not to like the
quality of graphics that are produced by BIM software. Another side benefit to using BIM is the
ease of producing renderings and walk-thru movies for presentations; however this is not the
main benefit of using BIM. One of the benefits of implementing BIM into Senior Design is that
it improves collaboration among disciplines. Construction Management students can access the
building model to take off information for cost estimates and scheduling. Structural and HVAC
students can check the model for conflicts by using clash detection software. This increase in the
amount of data has caused some challenges, though. Student laptops have to be powerful
enough to run these programs, and the network needs to have enough capacity and speed to serve
up this data quickly. Since 1995 senior design teams have been assigned secure shared network
space for their team folders with AutoCAD files taking up most of this space. As the CAECM
Department has transitioned to using BIM for Senior Design the network requirements have
expanded from 100 megabytes in the late 1990’s to nearly 10 gigabytes per team in the
2010/2011 academic year.

4. PROBLEMS

While BIM offers new methods for integrated design and construction, it introduces new
challenges in regard to collaboration and teamwork. Eastman et al. (2010) also identified two
major challenges of BIM implementation in design and construction: significant changes in work
processes and extensive information sharing among project teams. Bedrick (2008) also pointed
out that there is a need for guidelines for adequate sharing of BIM data and procedural details of
BIIM data uses. Few studies have focused on documenting and understanding design
coordination processes (Khanzode et al. 2008).

In the Design-Build Senior Project at MSOE, students tend to use BIM for early design

activities only due to poor perception of BIM functionalities. It is often difficult to leverage the
full potential of BIM due to inadequate quality of the BIM models created in the earlier design
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phase. The models from different design disciplines are not usually coordinated even though the
design team format is interdisciplinary. Furthermore, the models generated by students typically
do not have sufficient level of details on Mechanical, Electrical, and Plumbing (MEP) system:s,
structural systems, or other components for extracting necessary building information. If a
model is not correctly built, it is hard to extract accurate building information from the model.
This problem often occurs when a project team carelessly uses a shared building model during
design phases without proper procedural details on a BIM quality control.

S. MODEL QUALITY CONTROL

What is Model Quality Control?

BIM quality control measures facilitate comprehensive analysis of building models in order to
check quality, integrity, and level of details. BIM Execution Planning Guide (CIC Research
Group 2010) recommended the following quality control checks

e  Visual Check: Ensure there are no unintended model components and the design intent has been followed
by using navigation software

e Interference Check: Detect problems in the model where two building components are clashing by a
Conflict Detection software

e  Standards Check: Ensure that the model is to the standards agreed upon by the team.

e Element Validation: Ensure that the dataset has no undefined or incorrectly defined elements

There are other tools for model quality control and BIM development plan. AIA BIM protocol
Exhibit (E202-2008) provides a very useful matrix defining two fundamental concepts of BIM
quality control: Level of Development (LOD) and the Model Element Author (MEA). These two
concepts are then combined in a matrix for each phase of the project, corresponding to model
element assemblies in the Model Element Table. ConsensusDOCS 301 Building Information
Modeling (BIM) Addendum is another tool for model quality control. It assigns the specific
responsibility for the various project team members in developing model elements to specific
levels of development for project phases. It also establishes how the model is developed and
who is responsible for different parts of the building models. BIM Execution Plan is included in
the 301 document for defining additional project specific requirements.

Procedures

The course instructors understood that there is an immediate need of implementing model quality
control measures in order to use BIM as integrated design platform for the entire design process.
A “BIM Quality Control” assignment was assigned to Construction Management students to
remedy the issues related with model quality and to ensure that the project is modeled with an
appropriate level of detail and accuracy. CM students acted as BIM managers who are
responsible for design review sessions as well as coordinating all phases of the design and
incorporating construction knowledge into the design process.

The CM students were required to implement four model quality control measures including
visual model inspection, clash detection (or model checking), model quality control report, and
design coordination meeting. The goal of model quality control process was to ensure that the
model is being used to its full capabilities of producing accurate drawings, construction
documentations, schedules and quantities for estimating purposes. Another purpose was to
ensure that the structural and MEP models were developed soundly to be used for design
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coordination and clash detection. Here is a process diagram for Model Quality Control (Figure

D).
< Revise the
< models
. A
Revit Model
~ Visual Examine the
inspection | model using
3 Solibri |
Run warning Export Revit | | Conduct Design
reports in models to > Clash ¥ Coordination
Revit Navisworks Detection Meeting

Figure 1 Process diagram for Model Quality Control

CM students were also responsible for preparing model quality control reports that summarize
quality control process and design deficiencies, and develop corrective action plans. An example
is shown in Figure 2. The report includes viewpoint, location information, problem, and
instructions for resolving the issue and assigning responsibility. Team members were able to
discuss design issues in a well-organized manner and communicate the findings with all
participants including owners, mentors, and faculty members.

Screenshot

IDescription

ILocation

Solution

8 [This area looks as if there are
g [more trusses then needed

because of the radial format of
the structural system. There may
[be one or more trusses that
could be taken out throughout
the building.

[Northeast part of the building
next to the atrium at roof level.

Structural students need to
remove unnecessary trusses by
the end of week 6.

This area has the concrete wall
overlapping with the columns
land beams.

|All along the concrete walls on
all levels of the building.

INeed to talk with structural
imentors to discuss wall type
changes.
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Saeenshot Description Location of Issues Importance (1-5 highest)

The three upper stairscase in this
stairwell doesn't have the The northwest Staircase: id

L | -—, 3
< i | 8 desired amount of risers as #372605, 373119, 378491
A La M determined by Revit

Figure 2 Model Quality Control Report Sample

Firstly, visual model inspection was done by using Revit models to review major architectural
components such as interior and exterior walls, stairs, and openings. Some of the frequent
findings include duplicated components, un-joined walls, clashing walls, incorrect thicknesses of
walls, or incorrect types of windows and doors. The students eventually realized that visual
model inspection has a limitation on finding some errors that could not be found readily with a
naked eye. Therefore, the students started using the Warnings function in Revit to highlight all
issues that it found within the model. Using this warning report, they were able to locate certain
instances that were troublesome easily and see if they were of great importance.

All design issues are not equally important. Some of the errors are just what Revit found and not
actual errors but it was helpful to know of them. The students generated Warning reports from
Revit and review these warnings and weeding out which ones are actual problems and which
ones are not. Based on this Warning report, they created an Excel spreadsheet of the problems
and ranked them with their importance. Any error that had an importance factor of 4 or 5 was
taken care of immediately because these would have a significant effect for downstream BIM
data uses. If the error was ranked at a level 3 of importance, it was discussed with the overall
group to determine the impact on the project. The errors that ranked at level 1 or 2 were
determined to be Revit issues than that of an actual error. These were noted for future reference
but at this time have no affected on the model.

Secondly, the students also examine the structural and MEP components of the model. This
process begins with exporting structural and MEP components from Revit to Navisworks in

order to use sophisticated navigation functions for model inspection. All building components
were inspected to see any design discrepancies. Several were discovered including structural
members protruding through concrete, enlarged window openings, random mullion placement,
etc. Once they found some errors on an object, they applied Color Override for quick
identification of the objects (Figure 3)
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Figure 3 Viewpoints from Navisworks

Thirdly, students were required to perform Clash Detection using Autodesk Navisworks. Clash
Detection has been a very popular way for identifying design discrepancies in 3D models where
multiple building components are overlapped at the same location. It provides many advantages
to general contractors by helping them detect any potential conflicts. In turn general contractors
can save time and money for handling construction delays or change orders. The students
additionally spend some time to prioritize some clashes and share the findings with team member
(Figure 4).

Figure 4 Clash Viewpoint Examples

Finally, CM students were required to prepare a Model Quality Control report per each team to
discuss and share the findings in the report. These meetings allowed them to determine what
issue was important and needed to be corrected to improve the quality of the models.

6. BENEFITS AND LESSONS LEARNED

This section introduces the benefits and lessons learned of implementing Model Quality Control
measures in the Senior Design. The significant benefit was the sharing of building information
during the entire design phases with all design disciplines including structural engineering,
mechanical, electrical, plumbing and fire protection, and construction management. CM students
easily use extracted information for quantity takeoff and clash detection. CM students spent
significantly less time on construction estimate. AE students spent substantially less time during
the construction documentation phase of the project due to substantially decreased amount of
revisions.

7. RECOMMENDATIONS

The overall strategy for model quality control should be determined and accomplished at each
major design phase as an important milestone. This allowed students to conduct comprehensive
model analysis from various aspects. Studio instructors need to document a guideline for model
quality standards and should discuss at the beginning of the design phase. The guidelines may
include the following contents: level of detail, model elements, format, and responsibility, and
model location. Standards such as AIA E202-2008 or ConsensusDOCS301 may be appropriate
for the team to consider. One of the major challenges was the lack of prior knowledge in BIM
authoring tools and model navigation tools by some of the students. Although many of the
students are good at model authoring, they need additional BIM lectures on advanced topics such
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as interoperability, managing central files, managing clashes in Navisworks, or navigation tools
in Navisworks.

8. CONCLUSION

This case study demonstrates the significant value that BIM model quality control can bring to
integrated design process. The paper illustrates the challenges that project teams need to address
when using BIM for integrated design process. These challenges include determining how to
develop a guideline for model quality, how to train students to leverage the full potential of BIM,
and how to perform design coordination among multiple disciplines.

The results of this case study also indicate that model quality control measures help students
improve the downstream use of BIM data for the entire design phase. Incorporating the concept
of model quality control was a challenging endeavor. This transformation obviously requires
time and effort. However, the results were very positive. The students gained valuable
experience about integrated design and construction. Model quality and integrity are critical to
the success of integrated design and construction. In order to ensure the highest quality it is
necessary for project teams to find design deficiencies and correct them as early as possible.
Team members should agree to some basic standards at the beginning of the project so that the
sharing of BIM is efficient and benefits the whole team.
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Abstract

Researchers and practitioners have partnered up to implement a BIM/COBie Pilot Case
Study project at the University of Washington. This is part of a joint initiative by the
Construction Owners Association of America (COAA), buildingSMART alliance, and the
Engineer Research and Development Center (ERDC). The University of Washington Capital
Projects Office has been accepted to host one of 6 case study pilots in this year’s COAA case
studies and has brought UW researchers in to support the change design and analysis. For
the University of Washington, this COBie pilot project is seen as a part of a larger initiative
by Capital Projects and Facilities Services to create better hand off processes for facilities
and O&M information from design and construction to operations and maintenance and the
creation of meaningful BIMs for the owner. In this paper we present the initial findings from
the pilot project, which includes an analysis of existing practices and the ways in which the
complex institutional owner, with over 700 buildings, consumes and uses data throughout
operations and maintenance. While direct digital exchange sound simple in principle, we
have discovered that when bringing a construction data set into a large distributed
organization and IT infrastructure such as a large college campus, there are a number of
complicating factors to consider in terms of pathways, format, content, timing, personal
relationships, and user interfaces.

Keywords
Facility Management, Capital Projects, BIM, COBie, Operations Maintenance

1. INTRODUCTION
This year marks the 150" anniversary of the University of Washington (UW), and the
construction of buildings that house faculty students and staff go back over 100 years. Both the
documents we have of our buildings and the work practices surrounding construction, operations
and maintenance are influenced by the organization’s history, culture and size (Seattle Campus ~
335 buildings). In an attempt to improve the exchange of information at the conclusion of a
construction project, the Capital Projects Office (CPO) and Facility Services (FS) at the UW
joined a case study project initiated by the Construction Owners Association of America
(COAA). This research relies on the basic framework established by buildingSMART alliance
for COBie case studies, (East & Kenig, 2011), however the UW team has adapted the case study
protocals to meet our internal constraints and goals.

The protocol specified by COBie suggests that in an ideal project the information
exchange process begins during the design phase and continues throughout the subsequent
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phases of the project. Additionally, it was suggested that contract language and specifications
should be changed to require the general contractor and subcontractors to submit information in
the COBie format. (East, 2011). At the point in time that the pilot project was identified as the
Foster School of Business Phase II, it was deemed grossly burdensome and costly to
retroactively change contractual language. Instead, the general contractor was amenable to
compiling information about the major Mechanical, Electrical, and Plumbing (MEP) equipment
and putting it into the COBie format. Consequently, this project focused on the handoff process
between construction and operations. We focus our attention on the owner organization and how
they consume and use the data. This will better inform future development of contract
deliverables in future projects, where designers and builders will be required to develop COBie
dataset deliverables.

To assist in documentation and analysis, the Capital Projects Office (CPO) and Facility
Services (FS) contracted with research faculty in the UW department of Construction
Management. Professors Rojas, Dossick and Schaufelberger had conducted previous COBie-
related research with two graduate students in 2008 and 2009 on a military project at Fort Lewis.
It was felt that having Dr. Dossick’s experience would help speed up the learning curve for the
team. At the initial interest meeting held at the Capital Projects Office, CPO felt that 1) having
someone familiar with the COBie process and 2) having people independent of the team already
assigned to the project would allow collaboration, but would not draw resources away from the
already intensive construction process.

2. METHODOLOGY

The UW CPO started this project by funding the research as an additional deliverable within the
building project itself. Several high level meetings established general directions for what the
project would try to achieve—an understanding of what it means for the UW to receive COBie
datasets from the construction phase. These initial meetings began with the COAA group and
then broke into smaller internal groups within the UW as research got underway.

The first phase of the research was exploratory. We set out to determine what existing
practices are in place, what types of data do field crew members and campus engineers need to
do their jobs, and in what forms are these data currently. Research began by conducting multiple
informal interviews with people deemed important players in the generation, compilation, and
delivery of information during the construction phase. Furthermore, the UW publishes
organization charts online, which provided a general idea of the framework of the university and
suggested which individuals might exchange information based on their roles (University of
Washington Facility Services, 2010). From these organization charts, we selected a number of
people that we felt would be representative of the work at the UW. Looking specifically at the
CPO, FS and consultants for the project, we identified a list of targeted interviewees.

Next, we generated an interview tool that would help us maintain consistency across a
formal set of interviews. We created a list of questions that we felt would help paint a picture of
how the University staff exchanges information. This tool attempts to create a dialogue and draw
out an understanding of how the interviewee fits into the UW network of staff who manage
construction projects as well as operations and maintenance activities. Throughout the interview
process, we derived work flow diagrams, collected department-produced organization charts, and
facilitated group discussion sessions for key technologists at UW. The concept of these diagrams
came from the COAA’s Case Study Template for COBie projects and specified the use of Swim
Lane Diagrams and the BPMN (Business Process Management Notation) (East & Kenig, 2011).
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We coded the interview data set and analyzed emergent themes in order to identify potential
obstacles to improving information exchange and leveraging COBie technology and processes.

3. BACKGROUND

UW Facility Services tracks certain equipment, also known as assets, using a Computerized
Maintenance Management System (CMMS) in order to improve the speed and effectiveness of
maintenance. The CMMS allows tracking of an assets’ important features, in COBie these are
called attributes. The CMMS at the UW at its most basic tracks the manufacturer, model, serial
number, and installation date of an asset; though for some pieces of equipment they may record
other pertinent information to assist in preventative maintenance and work orders (such as
refrigerant type or power requirements). The CMMS system also tracks the maintenance history
for each asset.

The asset management tools adopted by the UW have developed over the years. Starting
in 1992, UW developed their own in-house systems. In 2001, the UW adopted a program called
FM Enterprise (FME), which was later upgraded to the same provider’s web-based version,
FaciltyMax (FMax). In 2009, this software provider was purchased by another company and
acquired a new name, AiM by AssetWorks. According to AiM’s website, the program Enterprise
Asset Management is compatible with COBie2 format (AssetWorks 2011). For this pilot project,
the general contractor and MEP subcontractors are collecting COBie data throughout
construction and compiling a COBie BIM file in Autodesk Revit. The direct digital exchange
between Revit and AiM will be tested in the next few months as construction finishes.

In addition, there has been a transition to digital storage in the Campus Engineering
Records division in recent years. Archival documents including: Operations and Maintenance
Manuals (O&Ms), as-built drawings, warranties, and specifications. Hardcopies are still
submitted, but they are scanned in and then stored until state mandated archiving requirements
allow them to be destroyed. Other hardcopies are also usually sent to the client, the trade shops,
engineering, and sometimes into a maintenance room in the building itself. However,
consistency among storage of these documents was found to be inconsistent as practices change
over the years. While some improvements have been made, “Records used to be a black hole.
But now [digital software] in Records is more efficient so things are better.”, there are still
challenges in finding the O&M data needed for routine and emergency maintenance or
engineering activities as one interview explains: "90% of data I'd say we get from either
ourselves or our technicians out in the field because AIM is hollow for us right now"

4. ANALYSIS

Part of the inherent difficulty of this project and one of the goals that the research sought to
discover was that as a large organization, the UW is separated into distinct divisions that operate
more or less independently. In our interviews we consistently found that employees had a
general concept of where information came from or where it went, but the detailed knowledge of
how it was used or the work practices of other divisions was missing. There is a largely informal
network that has developed allowing people from different groups to develop relationships and
rely on each other for informal information exchange in an ad hoc manner.

Implementing the COBie project became a catalyst for analyzing standard business
practices that had much broader implications then the use of COBie itself. While on the one hand
we conducted a fairly technical analysis that included mapping data input and output
requirements, on the other hand we uncovered organizational and business process issues that
likely plague many large institutions and corporations of this size. We found that adopting
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COBie was not just about what information was being exchanged, but more importantly the how,
when, and where it was being exchanged. There are several dimensions to the challenges of
information exchange including pathways, formats, content, timing, personal relationships, and
user interfaces.

4.1 Pathways of information exchange: (shared database, email, ftp site, cd/paper handover)

The pathways that information must follow in order to reach the desired recipient can be an
obstacle to overcome to improve information exchange. When there is added complexity to the
path that information travels, there is more time and effort required to quickly retrieve or cache
that information. In 2010, the UW Finance and Facilities departments underwent an internal
audit known as the ‘Lean’ project. Throughout interviews, people would refer to the findings of
that project and the positive impact it had on improving the avenues of information exchange,
“After the lean project, my job got easier because there’s no paper.” When asked how they
received information now, they responded “On CDs. Sometimes emails, but I don’t like that. It’s
hard to track.” During the lean project, people discovered that documents were no longer
required to be delivered in a hardcopy format as had been the practice. The state law, 40.14
RCW, had been changed to allow a more flexible archiving method for the records department.
This is enabling systemic changes throughout the organization.

However, for maintenance crews, there is a tension between efficient data creation,
collection and management and the “time-on-task™ or “wrench time”. As one crew member
noted, “In the lean study, it was something like 87 minutes per day spent doing electrical work.
Max was 5 hours depending on task.” Technicians are burdened with tasks outside of their field
of expertise, and yet when systems are created to shield them from paperwork, data duplication
is the result. For instance, in order for a field technician in FS to process and update a work
order, "We print out a piece of paper, hand it to the technician who goes out and writes all the
details on the work order. [They] then turn it back in to the leads. In our shop the leads <enter>
that information and close out the work order." In this scenario, the information had to be
transferred from a digital format to a paper format and then back again. This simple sequence
creates an added layer of effort, and in exchange provides the field technician an open format
that they can work with, handwriting, but then requires interpretation and duplicate effort on the
part of the lead to recreate this data digitally. Conversely, data retrieval time is also an issue.
One technician stated, “We don't have time to go get this info and still take care of the client."
The time spent gathering documentation is being done by a technician when the systems and
training does not support this effort.

Furthermore, there is a cost to implementing new technologies and the training needed to
familiarize trade technicians with that technology. One perception regarding using iPads in the
field was that, "some people will not take care of it. Or charge it. Or Lose it. It would be good
with some, not so good with others.” In another interview, “One of the things we’ve been talking
about for PM for backflows has that feature. We’re trying to figure out how our trades people
will use that out in the field. There’s an advantage, but the cost of them having that instrument in
the field, I’'m not sure the tradeoff is worth it.” The transition to rely more on digital technology
still has many technological as well as organizational issues. If trades transition to using iPads in
the field, for example, will they be able to retrieve that information on the central database.
Currently some trades don’t make the transition to mobile technology because you "walk into a
building and the concrete takes it (reception) away." If there’s a reliance on digital technologies
there will be vacuums where that information cannot be accessed.
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Whether it is being submitted or retrieved the whole process is impacted if there is not an
easy two-way flow of information. For example, technicians were unable to retrieve training
videos created during the closeout process to help them understand how a piece of equipment
should work, “In the last five years they’ve been videotaping all these but the funny thing is, we
don’t know where all these things go. Those videos just disappear. And you can’t get them
online — we have yet to see a video in records. I guess I’ve never seen those evolve from when a
building is turned over.”

As technology becomes more pervasive and people want to see more and more
information stored online, the records system must be able to grow to accommodate this while
seamlessly carrying over legacy information. “CAD drawings are not online. There is an index
that shows it, but you have to request the CD separately. It’s a software thing. Hopefully that will
be fixed so we can put CAD drawings on there.” Unfortunately, there may be less incentive for
software providers to create an effective way of transitioning out of their system, which leads to
retaining the older system longer than its useful life.

4.2 Format of information exchange (paper vs. .pdf vs. native format)

Another limitation to the exchange of information is the format in which the information comes.
In some cases it is necessary to maintain document control to preserve integrity and protect
information from accidental or intentional manipulation. There is a gradient of alterability — for
example, a hardcopy paper document is essentially seen as locked down due to the
inconvenience of substantially altering that document. A .pdf attempts to provide that same
immutability in a digital format, though that has degraded some with the advent of new programs
that annotate over .pdfs. The next level that is commonly used would be the native format, like
an excel document. While it is possible to lock this information down in, there is a need for other
levels that allow easy and reliable extraction and reuse of the data while preserving the original
format for archive.

Transitioning to a digital format appears to create more flexibility in some things, such as
how information can be sent to multiple people, but it also imposes a rigidity to how information
is presented which can create bottlenecks. For example when discussing submittal reviews
architects and engineers explained that “you need to be able to see two or three things at the
same time. That’s hard to do on a single computer screen. We still ask the contractor for hard
copies because it’s easier to flip pages and keep your thumb in one while looking at something
else. We’ll get to all digital eventually.” While digital information was easier to transmit
digitally, it was more difficult to use. There is an added step needed to determine whether the
comfort of a hardcopy is worth the added expense of sending the hardcopy.

Hardcopy, though a reliably static record, is problematic for digital archival and retrieval.
Every time that information is converted between hardcopy and digital, there is an added
expense. In the Records department, we asked how hardcopies get filed?, “We are scanning them
in house. We used to send out to vendor but it was expensive. We have a machine there in the
other room. It’s time consuming, we have to scan all of them.” Documents are created
electronically, then printed, then scanned in again. An additional effort is the need to switch
between scanning hardware. “And we have all kinds of scanners... the big one, the small one,
color, ... we have a lot of expensive equipment.” [Is it quick?] “Yeah. It will scan both sides, but
the tabs are hard — they take a while. Sometimes they [contractors] fold up drawings and put
them in the O&M. We try to reproduce the tabs digitally. ... Stop... go... that machine is good
for stack, but the stop and go is a problem. Each O&M is a document. An O&M for a chiller is
one document. ... And we have to read each sheet, rotate properly ... If there’s color we have to
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use a different scanner.” Many of the things that contractors do in closeout documents may seem
like they are making "nicer’ documents, but improved organization for Hardcopy does not support
digital archiving activities.

There is no question that direct digital exchange of these types of documents is an
improvement. However, digital exchange challenges practices throughout the distributed IT
infrastructure. For example, “On Skire [a new project management system at UW], there’s an
approval system on there so once everyone has approved documents, records will be able to go
into that system and pull all those documents digitally, instead of burning a CD. We have this
fancy thing called the Internet. I have that problem with CAD, people want to email them to me
but records need a CD. I’m not going to take the liability for burning that CD. We’re requiring
vendors to provide checked and reviewed CD. We have to make sure there’s integrity of the file
system from beginning to end.”

4.3 Content of information exchange (useful for FS?)
Throughout this project, we have focused on understanding how people are using the data,
information and documents. This is a complex question, in that O&M is a diverse set of tasks
that requires diverse sets of information. For example, when engineering records personnel were
asked what requests they get, they explained that “Electrical wants shop drawings because they
have more detail than the [design] drawings — the nitty gritty. The contractor was good about
labeling conduits and outlets...the more detailed info, the better. Mechanical shops mostly want
instructions for equipment they haven’t seen before.... Carpenters call a lot about hardware.”
However, there data source changes are already being recognized by the field crews. For
example, ““The old system we had to go to the manual, but now we can go directly to the
manufacturer’s website and ask a specific question about equipment we’re trying to service. So
websites can provide us with better detail.” there should be link to the manufacturers website
because it is an emerging source of information for maintenance that didn't exist in the past.”
The turn over process is quite complicated, particularly during the warrantee period. As
one facilities staffer explains “a [mechanical part] failed under the one year warranty at [a
recently completed building], but I can’t get a warranty replacement because I don’t have the
original purchase order. So I’m trying to say Mr. Manufacturer your part failed, that was $115 I
don’t want to spend again.... See, now I have to go through a [construction management]
coordinator ... he’s got to take my info, call the sub ... back and forth ... wastes so much time, is
it worth $115 anymore? Probably not at that point.” This poses a challenge to the COBie process
both in terms of content as well as timing. As we work through the details of what data needs to
be included, we need to think through different types of scenarios the trades face in order to
create complete data packages that address various constraints such as warrantee issues.

4.4 Timing of information exchange (days, weeks or months?)

For archival records, the UW uses a centralized database with a web-based retrieval portal to
access project documents like O&M manuals and drawings. In 2011, the time between
substantial completion and final receipt of these documents ranged between 10 and 13.5 months.
This gap is problematic for the maintenance crews who are working with a new building. When
dealing with a new building, the crew lead explained the process of trying to find a manual in
that he would "better go search the Internet to find it myself. Or call up the manufacturer and
have them email it to us. Then we have to print it out.”
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While it takes considerable time to physically turn documents over at the end of a project,
it again takes time to import them into the database. Interviewees stated, “There are only two of
us. Last week [ was at HS doing an onsite survey. That’s what this all is (indicates several
bankers boxes). I’'m going to compare everything, index and scan. It’s going to take a while.”
While the Records department is being proactive about searching out information that they don't
have and trying to create a central location where all documents are stored. With only 2 people,
having greater automation should help efficiency and allow them to work on other elements of
the campus like marketing what they have available and how others can use it.

While digital exchange will greatly speed the process of uploading the new documents
for a building, quality assurance is still an issue as one interviewee explains “One thing that
came up in the lean process is making sure the digital document is internally complete and
correct. Someone could have had a setting wrong and printed out an empty page or the whole
thing is empty, but if no one looks at it you don’t know so you’re storing an empty document.
We’ve had issues in the past with drawings that were bad in hard copy. Cut off, scaled down...
and those were getting through. If no one is looking, esp. digital, it becomes easier to let those
things slide through and we no longer have a hard copy to fall back on.”

4.5 Relationship of the people exchanging information (formal sources vs personal
relationships)

Large organizations often rely upon Tacit Knowledge networks to bridge the gaps between
databases and information. Like the field crews on construction jobsites, the maintenance crews
problem solve and get the information they need through their social networks as often as they
do from the formal information channels. As one explained, "Its contractors and technicians and
workers that we all build relationships with on jobsites or know from previous jobs or whatever
that will feed us information because if we expect management to tell us, it will never happen."
Another technician explained that it is “the relationship. They know me. They know I’ll take care
of it. I’ll end up calling the subcontractors and they’ll come out to fix it.” Human beings are
excellent information retrieval systems. Often times, for the technicians, the easiest source for
the information is a fellow technician instead of trying to navigate the digital archive.

4.6 User interface (web-form vs. Google maps)

Information exchange includes the creation of data, the exchange of this data and then the final
retrieval and use of the data. The vision for retrieval is all encompassing: “What I would like to
see is how Google does their maps. You can get closer and narrow in, so take a building and
make a map — different types, electrical, mechanical, carpentry, etc. — zoom in to light fixture or
outlet, ... touch it and information would be right there in front of you ... 2D is fine” This is a
good example of how commonplace free user interfaces like Google maps are educating people
to a new method of using/find data.

As these data sets become more comprehensive with drawings, models, asset data,
manuals, training materials, and maintenance records, the user interface to a software program is
very important. Even if the structure and information behind the interface is excellent, it can pose
a serious obstacle for allowing retrieval of that information. In one interview in the records
department, we asked about the records for a recently completed building. “Yeah, we have 439
documents. O&Ms, specs, some drawings too. One O&M manual is considered one document.”
For those trying to retrieve this information, even someone who is computer literate, sifting
through these documents for only one building can take some time.
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There is currently much criticism at UW of the CMMS interface: “There is a lot of
clicking. The defaults aren’t there anymore. There used to be dropdown menus. The print seems
a little clunky. As we tackle the digital transformation, seeking to improve access to data, the
interface will be a paramount. Particularly in the light that the average technician may not be as
familiar with computer systems and training takes time and energy away from “wrench time.”

5. CONCLUSION: DATA PRACTICES IN DISTRIBUTED ORGANIZATIONS

The process of COBie involves the collection, exchange and use of operations and maintenance
data. What we have learned to date is that large institutional owners have complex and
distributed organizational needs for this data that challenges the centralized vision that BIM for
FM currently has to offer. The various functions of space planning and budgeting, preventative
maintenance, renovations and repairs, annual city inspections, emergency response, and the lock
shop require a diverse set of data and information from the BIM/COBie data set and likewise
create and maintain their own datasets over the course of operations. In today’s organizational
and technological environment, we see the COBie loaded BIM being consumed by the UW’s
distributed IT infrastructure. The asset data from the COBie structure will be imported into the
CMMS; the BIM model will be simplified for space layout and planning functions; while the
complex details of the building record will be archived in engineering records.

The exchange process is not simply one of creating and transfer the data, but much work
needs to be done around how operations and maintenance staff use this data. Questions of
pathways, formats, content, timing, personal relationships, and user interfaces all need to be
reviewed and evaluated for successful COBie and BIM adoption.
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Abstract

In Summer, 2011 Colorado State University (CSU) piloted an experimental course using
Building Information Modeling (BIM) in collaboration with industry and the facilities man-
agement department. In the course, students modeled campus buildings to explore and lever-
age the opportunities to apply BIM to existing buildings and on-going facility management
projects. A host of softwares were taught including Google Sketch-Up, Revit, Vico Office and
Navisworks. Industry professionals served as visiting instructors to teach the various soft-
wares. They coordinated and worked across software platforms to allow students to experi-
ence integrated software learning environments. Students created a model of a campus build-
ing and then continued to import, export, recreate and manage it using different software
tools according to desired functionality(ies) (e.g.; scheduling, estimating, operation etc.) This
paper discusses the pilot offering of the course, and presents student work and initial feed-
back. Findings are used to gauge the success of the course, assess its value and document the
lessons learned regarding the benefits of exposing construction management students to facil-
ities management work on campus.

Keywords
BIM, education, curriculum, facilities management, construction management

1. INTRODUCTION

Limited research exists regarding the use of Building Information Modeling (BIM) in con-
struction management education. Currently many academic programs are struggling to meet
industry and student expectations. Results of several university studies demonstrate dissatis-
faction among students and educators with the advancement of technology-based curriculum
and with the use of BIM in the classroom (Sylvester and Dietrich, 2010; Sabongi and Arch,
2009). Much agreement exists across current research regarding the impacts and benefits of
using BIM in undergraduate AEC education. Benefits include proliferation of integrated de-
sign, an accelerated design process, added initial concept complexity, a more robust explora-
tion of concepts, and an overarching gravitation towards more collaborative and coordinated
teamwork (Denzer and Hedges, 2008; Hedges and Denzer, 2008). Using BIM as an instruc-
tional tool appears to ease the transfer of knowledge. Specifically, instructors tend to lose less
information in translation when discussing buildings, compared to more traditional and two
dimensional methods of instruction (Berwald, 2008).

It is generally accepted that different students learn best using different methods. Re-
search suggests that the integration of the BIM helps a significant number of diverse students
investigate more complex design ideas with greater success when compared to traditional two
dimensional platforms. BIM allows instructors to teach an integrated process geared towards
collaboration involving all the AEC disciplines by providing greater opportunity to visualize
how building systems go together (Berwald, 2008). The learning objectives for the pilot BIM
course offered at CSU in summer 2011 included: expose construction management students
to campus buildings and facility management projects on campus, introduce students to a
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number of BIM softwares, and allow students to experience integrated work environments
and cross-platform coordination which simulate a real-world project. In addition, working
with Facilities Management, an objective was to identify possible synergies on campus be-
tween student skill development and university need (i.e.; internships, marketing, building
opperations). This paper presents student feedback and lessons learned from the experimental
course offering.

2. COURSE STRUCTURE AND STUDENT WORK

The course was offered as an “Independent Study” for up to twelve students to allow the ad-
ministering faculty, Caroline Clevenger, to organize the experimental course with sufficient
flexibility to meet the diverse scheduling and academic requirements of the participants. Prior
to acceptance, each student signed a course contract saying they would adhere to the pro-
posed structure and schedule. In its pilot form, the course spanned eight weeks and students
met with industry BIM experts for four-hour sessions in the department’s computer lab each
Tuesday afternoon. During these sessions, industry experts demonstrated various software
packages and worked directly with the students to assist them in creating or recreating models
of campus buildings using various softwares. During the intervening days, students worked
independently or in small groups to complete the models to the level of detail specified by the
instructors. Two campus buildings were modeled by the students. Images from the Natural
Resources Building are used to illustrate the modeling sequence performed by the students
during the course.

Google Sketch-up (Week 1)

During the first week, Zack Mertz, concept3D and Matt Hoff, Mortenson Construction met
with the students two consecutive days to leverage the professionals’ time since Zack had
flown in for the training. To begin, students toured the buildings on campus and took numer-
ous exterior pictures of the buildings to be modeled. The instructors then showed the students
how to model the buildings in Google Sketch-up and to apply photographs as textures to the
exterior surfaces of the models to provide a quick and realistic representation of the building.
Final models were submitted to and accepted by GoogleEarth
http://sketchup.google.com/3dwarehouse/details?mid=f90aa7¢9edd4e0b94c12fff31blca82a&prevstart=0 .

Figure 1: A photograph (left) of the Natural Resources Building, Colorado State University, Fort Collins.
A Google Sketch-up model (right) of the same building created by the students using photographs as tex-
tures for the model’s exterior surfaces.

Google Sketch-up is a freely available 3-dimensional modeling program intended to be easy
to learn and use. It allows users to place models using real-world coordinates and share them
with other programs (Google Sketch-up, 2011). Several benefits emerged from introducing
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the students to Google Sketch-up at the start of the course. First and foremost, by visiting the
building and taking numerous photographs, the students were able to physically experience
the building. Secondly, the numerous photographs served as a quick reference library
throughout the course. Thirdly, by applying photographs as textures, the details (i.e.; building
height, location of windows and door etc.) were easily documented and available for refer-
ence during later modeling exercises.

Revit (Weeks 2-4)

For the following three weeks Blake Sabo, SHP Leading Design was the instructor and taught
the students Revit. Revit is a BIM software that allows the user to create models using 2D
drafting elements and parametric 3D modeling functionalities (Revit, 2011). Using Revit,
students constructed models of the campus buildings that included exterior walls and open-
ings, as well as interior walls and openings (Figure 2, left). They modeled the interior by ref-
erencing 2-dimensional reflected ceiling plan CAD drawings provided by the facilities man-
agement department. In addition, they imported their Google Sketch-up models into Revit to
provide a quick reference for building elevations and dimensions along the exterior.

Figure 2: One student’s model of the Natural Resources Building modeled in Revit (left) and another
student’s Revit model imported into Vico Office for analysis (right).

Students worked collaboratively in groups of 2-3 for this part of the course. All work was
stored on a shared server, and the instructor helped the students set-up shared models so that
each group could work concurrently on a single building model. The benefits of this in-
creased level of collaboration were several: it allowed the students each to work on and col-
lectively complete a model of an entire building. In addition, it provided them greater insight
and understanding of the teamwork and technical integration required to implement BIM on a
real-world project. Finally, working on a shared model simulated a professional work envi-
ronment.

Vico Office (Weeks 5-6)

The next two weeks of the course were taught by Alan Fordham, the Weitz Company. He
showed the students how to import their existing Revit models into Vico Office to perform
various analyses. Vico Office is a BIM-neutral platform in which multiple types of BIM
models can be published, synthesized, and augmented with cost and schedule information
(Vico Office Suite, 2011). Once the students imported their Revit models (Figure 2, right),
the instructor showed the students how to create a library of construction costs in Uniformat
(Uniformat, 2009) using an excel spreadsheet. Once this data was linked in Vico Office, stu-
dents created cost-estimates and location based schedules (LBS). As the instructor taught the
students, the power of these analyses comes from the fact that they are created directly from
the building geometry and material properties modeled rather than generated independently
based on experience and take-offs as is traditionally done in practice. One of the more poign-

131






ant moments of the course occurred when the instructor, a professional construction manager
and the “client,” a project manager from facilities management debated the value of this dis-
tinction.

Navisworks (Weeks 7-8)

Blake Sabo, SHP Leading Design returned to the classroom for the final two weeks of the
course to teach the students the basics of Navisworks. Navisworks is widely used by the con-
struction industry to perform clash detection. Students imported their previously created
Revit models into Navisworks and experimented with clash-detection, fly-throughs and 4-
dimensional (3D + time) visualizations of the building.

ek L ANEC WA ST LIS I

Figure 3: Location Base Schedule output from Natural Resources Building Vico Office model (left) and
the Revit model imported into Navisworks (right).

3. STUDENT FEEDBACK

Five short surveys were administered to the students over the course of the summer session.
The surveys loosely followed Kirkpatrick’s model for evaluating training programs (Kirkpat-
rick, 1959). His model includes four levels of evaluation, i.e. reaction, learning, behavior and
results. For all questions a bilateral five point scale was used. The surveys were distributed to
10 out 10 students who participated in the experimental class. Nine students completed the
surveys resulting in a 90% response rate. Each survey regarding various softwares were ad-
ministered the week following when the software was taught in class; the survey regarding
the overall course was administered during the final class. A summary of the questions and
responses are provided below.

3.1 Software
Reaction: Students were asked how much they like using the various softwares (1).

Learning: Students were asked how easy various softwares were to learn (2).

Behavior: Students were asked how much they expected use the various softwares in the fu-
ture (3), and how it might impact their ability to get a job (4).

Results: Students were asked about the potential impacts of various softwares on the curricu-
lum (5), or as used professionally for either graphics (6) or analyses (7).

Results from the student surveys regarding various software packages are shown in Figure 4.
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7. What would be the impact of using this software
professionally to perform analysis in construction?

4. How much do you think you knowing the software will
help you in getting a job?
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6. What would be the impact of using this software
professionally to create 3D graphical representations of

Figure 4.: Graphs summarizing student survey results regarding their experience with and attitude to-
wards Google Sketch-up, Revit, Vico Office, Navisworks based on participation in the experimental class.
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3.2 Overall Class
Reaction: Students were asked how much they liked the overall class (1).

Learning: Students were asked how conducive the structure of the class was to learning (2),
what was the value of having a series of professionals teach the course (3), and what was the
impact of using a real building on campus as the “case study” (4).

Behavior: Students were asked how much they thought they would use what they had
learned in the future (5).

Results: Students were asked what the impact might be of having such as class integrated
into the curriculum (6).

Results from the student surveys regarding the overall class are shown in Figure 4.
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1. Overall how much did you like this class? 2. How conducive was the structure of the course to 3. What was the value of having a series of
learning the material? professionals teach the software programs?
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4. What was the impact of using a real building on 5. How much do you think you will use what you 4. What would be the impact of having a similar
campus as the "case study" for the class? learned in the class in the future? (semester long class) in the curriculum for

Construction Management students?

Figure 5: Graphs summarizing student survey results providing feedback on the experimental class.

4. DISCUSSION AND LESSONS LEARNED

Predominant student feedback about the course (Figure 5) and demonstrated learning out-
comes (Figure 1-3) were positive and strong. Students felt that they were exposed to and
learned about a wide range of BIM softwares. In addition, they experienced first-hand the in-
tegrated and synergistic nature of BIM, learned directly from industry experts, and were ex-
posed to a number of work-flow patterns applicable to applying BIM to a real-world building
project. To date, the authors have received strong industry support and interest in follow-on
offerings as a semester long course. Specifically, industry recognizes the value of having stu-
dents understand the potential of BIM and its various workflows above and beyond having
proficiency in a single or even multiple software packages. Furthermore, having a series of
industry professionals provide instruction meant that the students were exposed to a level of
expertise that is difficult to find in an individual, or traditional faculty member.

Based on student survey responses regarding the various softwares (Figure 4), it is possible to
draw a few simple observations about the softwares used including:
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e Data suggests there is not a strong correlation between perceived difficulty a software,
and how much the students like using it.

o Anecdotally, one student wrote in her final comments, “Revit and Navisworks
both are powerful tools for the construction industry, but when you add in the
capabilities of Vico Office this is amazing! It makes me wonder why anyone
who does estimating or scheduling wouldn’t use this software. While the
learning curve is very steep, I believe that teaching these tools is imperative to
the success of students. . .”

e Students believe that knowing these tools will assist them in getting a job, and that
Revit is the most marketable of the softwares learned.

e Students see teaching these softwares as an improvement to Construction Manage-
ment curriculum.

e The opportunities available from partnering with industry and Facilities Management
are valuable.

Facilities Management was instrumental in selecting campus buildings to serve as effective
case studies, and supplied access to, and schematic models and building plans for the build-
ings selected. Finally, they provided input about the type of information and models that they
consider to be the most useful on their projects. In the future, students may be able to produce
models that are, in fact, useful to the facilities management department. Other universities
have been successful in leveraging student work to model and map their campuses in 3-
dimensions (Drury, 2001). The real potential, however, may lie in training students for syner-
gistic internships with facilities management as well as developing models that can assist in
real-time building operations.

Some of the challenges facing the course were logistics and excessive course content. Since
industry professionals are busy, they met with the students for extended blocks of time. Many
of the students noticed that it was hard to stay focused for these extended class periods. A se-
cond challenge was the number of software programs taught. While students liked being ex-
posed to the various softwares and saw the value in experiencing a variety of workflows, they
were, at times, frustrated by the amount of material it was necessary to learn and manage.
The strongest lesson learned was that incomplete or imperfect models in one software pack-
age (i.e.: Revit) hamper the learning of the follow-on software (i.e.; Vico Office). Students
suggested that in future offerings of the course, at the end of each software unit, a single well-
crafted model of the building be supplied to the students to replace student created models.
This way, all students could work from the same base model at the beginning of each unit and
any previous modelling errors or inconsistencies would not persist.

5. CONCLUSION

Students’ survey responses (Figure 5) showed that they generally liked the class, saw its val-
ue, and are eager to integrate such a class into the CM curriculum. While its format and struc-
ture need fine-tuning, supporting such a course through collaboration between industry ex-
perts, facilities management, and CM faculty appears fundamentally robust. Relying on in-
dustry expertise for instruction has several direct benefits. Students receive instruction on and
exposure to industry’s best-practice. Students benefit from having several subject matter ex-
perts rather than one instructor. Finally, industry instructors are particularly adept at teaching
BIM workflows and integration issues since they deal with them daily on real-world projects.

Future research opportunities and significant potential for this course lies in the prospect of
increasing collaboration between construction management students and facilities manage-
ment personnel to cost effectively help to manage and monitor campus building operations
using BIM software. Over the last several years, the Facilities Management Planning, Design
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and Construction group at Colorado State University has developed an integrated design stu-
dio made up of students from the disciplines of Interior Design, Landscape Architecture and
Engineering. Using various software, the students work on real projects for new facilities and
renovations from conceptual design through construction documents. In parallel with the
work being completed in the design studio, CM students in such a class could partner with
University project managers to see projects through construction and occupancy. In the fu-
ture, Universities may increasingly discover they have significant and synergistic resources
available among their construction management students that can be leveraged to provide bet-
ter facilities management across campus.
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Abstract

The confluence of BIM, VDC and IPD has resulted in a requirement for a new set of skills for
AEC practitioners. In addition to specific professional knowledge, an understanding of the
context within which the other disciplines function is necessary. Even more than an
understanding, the ability to work with other disciplines in an integrated manner is necessary.
Specific technical knowledge must be joined with knowledge of collaboration. Recognizing the
limitations in functionally focused curriculum a series of learning modules that address the
process of collaboration across disciplines is proposed.

Keywords: Collaboration, Pedagogy, Architecture, Engineering, Construction

1. INTRODUCTION

The impact of Building Information Modeling (BIM) has been much more extensive than would
be expected from a technology that initially focused on detecting clashes within a structure. The
model has become part of Virtual Design and Construction (VDC) that allows practitioners to
simulate the construction of the built environment just as a manufacturing process would be
simulated before the start of actual production. The requirement for early and extensive
involvement of the major project actors in order to maximize the efficacy of the VDC process has
resulted in the development of new contractual forms that are grouped under the conceptual
heading of Integrated Project Delivery (IPD).

The confluence of BIM, VDC and IPD has resulted in a requirement for a new set of
skills for AEC practitioners. In addition to specific professional knowledge, an understanding of
the context within which the other disciplines function is necessary. Even more than an
understanding, the ability to work with other disciplines in an integrated manner is necessary.
Specific technical knowledge must be joined with knowledge of collaboration.

Multi-disciplinary collaboration is recognized as a requirement for superior performance
in the realization of projects in the built environment (Puddicombe, 2009). However
collaboration between professionals with different disciplinary backgrounds is a complex and
dynamic process defined by individuals from different ‘thought worlds.” The result is a lack of
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synthesis among experts and a reduction in the learning that is necessary for innovation
(Dougherty, 1992). At the margins a state of ‘contested collaboration’ can result ‘...where team
members maintain an outward stance of cooperation but work to further their own interests, at
times sabotaging the collaborative effort.” (Sonnenwald and Pierce, 2000:461). Within the AEC
industry this condition appears to be far from the exception (Puddicombe, 1997).

The requirement for multi-disciplinary collaboration rests on the assumption that, “...no
single individual (or firm) can acquire the varied and often rapidly expanding information
needed for success. Individuals (and firms) must work together to collect, analyze, synthesize
and disseminate information throughout the work process.” (Sonnenwald and Pierce, 2000:461)
The success of these dynamic work groups is facilitated by interwoven situational awareness and
dense social networks that facilitate frequent communication. (Sonnenwald and Pierce, 2000). In
the context of this research we refer to this as a process of interdisciplinary ‘knowledge creation’
(Nonaka and Takeuchi, 1995).

As is evident in the litigious nature of the AEC industry, collaboration is not an innate
skill of architects, engineers and constructors. It has to be learned and professional schools have
an obligation to teach it. This paper seeks to develop a theoretical and practical understanding of
the issues associated with collaboration and suggest a process by which educators within the
AEC disciplines can facilitate the learning of this critical skill.

2. THE CURRENT STATE OF COLLABORATION

The perspectives and objectives of the project owner, designer team, and constructors are not
always mutually consistent. Disparities in information, allocation of risk, loyalties, contractual
rights and responsibilities, perceived responsibilities, and potential financial rewards result in
differing perspectives and objectives for the various participants involved in a project. Research
(Puddicombe, 1997) has indicated that Architects and Contractors have different beliefs as to the
proper degree of integration between their functions and that they have different goals and
success criteria for a project. LePatner (2007) states, “Clearly, the incentives of the major
players on the supply side are not closely aligned, and the interests of the owner (buyer) and
general contractor (seller) are antithetical.” Fischer and Tatum (1997) note that architects and
engineers often have an incomplete understanding of the construction process and its
requirements, resulting in a lack of consideration of the effects of construction constraints on
design. The fragmented delivery process may lead to a design that is optimized from the
perspective of individual project participants, but has unfavorable constraints for construction or
operation.

These conflicts are not limited to the world of practice. When the academy attempts to
integrate the disciplines similar dynamics emerge. In December 2010, the BIMFORUM in
conjunction with BuildingSmartalliance, a council of the National Institute of Building Sciences
sponsored an academic workshop focused on discussing the core educational principles for
technology-based collaboration in the Architecture, Engineering, Constructor, and Owner
(AECO) Industry. The participants represented 21 universities and 4 countries. The papers and
the panel discussions presented a state of the art view of collaboration in the AEC academy.
What follows are brief reviews of the knowledge that was gained and challenges that emerged
from collaborative efforts at a number of universities.

Scholars at Virginia Tech (Pishdad et al, 2010) believe that social change defined by a
collaborative mindset is necessary to overcome the fragmentation that exists in the industry.
“Academia is in the best position to drive such transformation through re-visiting the curricula
and making required adjustments.” They have established the Integrated Leadership Studio
(Taiebat et al, 2010) that combines students from the AEC disciplines as well as students from
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sophomore through graduate studies.

Penn State (Holland etal, 2010) has begun two experimental courses that integrate
AEC students. In order to give the programs the greatest chance of success students were
required to submit their academic credentials and were interviewed as part of an application
process.

Despite prescreening the students 1/3 of the teams were described as ‘highly
dysfunctional’, and all of the teams faced challenges to collaboration. In post course analysis the
instructors found a correlation between the teams collaborative abilities and the quality of the
work product. Going forward it was felt that it was important to teach °...techniques which
encourage successful collaboration and break down “discipline silos” as well as the
compartmentalization of the
design process.”

The University of Washington has developed a problem based collaborative studio that
also combines AEC students (Dossick and Pena, 2010). In their approach much of the learning
resulted from the friction that took place as the students learned to come to grips with the
different disciplines. They describe the task of synthesizing the three disciplines while
maintaining a real world context as ‘daunting’ and identified the technical issues as simple in
comparison to those characterized by interdisciplinary collaboration.

The University of Oklahoma (McCuen and Fithian, 2010) presented the results gathered
over three years on an experimental intersession course that created teams of architecture and
construction students. This course offering was unique in that it explicitly included exercises to
socialize the students to each other’s disciplines. Their experience suggests that explicit
exercises in team building, while costly on the front end, pays significant dividends. In addition
it is important that the students understand these ‘soft’ skills as having a basis in science and
there importance within their disciplines.

The keynote presentation was given by Dan Friedman, Dean of the University of
Washington’s College of Built Environments and president of the Association of Collegiate
Schools of Architecture. His keynote called for a radical reconceptualization of AEC education.
The professions must either change or perish. Change is inevitable the question is where the
academy will fit in. Fragmented teaching must give way to an integrated approach. The
integration extends beyond the integration of disciplinary skills and requires the inclusion of
organizational and social sciences. It is possible to keep the disciplines core values but they must
be realized in the context of collaboration.

3. THOUGHT WORLDS: PROFESSIONAL CONTEXT AND ACCREDITATION
Each of the academic disciplines involved in this study is subject to accreditation by a separate
organization: ABET for engineering, NAAB for architecture, and ACCE for construction. Given
that licensure in engineering and architecture requires graduation from an accredited institution,
the standards promulgated by these bodies has a significant impact on the philosophies, policies
and procedures that define the pedagogical experience of the students. The development of a
multidisciplinary learning environment needs to recognize the support and the impediments that
are embodied in the accreditation process.

Below are the vision (ABET) and mission (NAAB, ACCE) statements of the three
accrediting agencies. Not unexpectedly their emphasis is on their distinct professions. What is
noteworthy is a lack of any mention of the context in which those professions will be practiced.

= ABET will provide world leadership in assuring quality and in stimulating innovation in
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applied science, computing, engineering, and technology education.

= The mission of the NAAB is leadership in, and the establishment of, educational quality
assurance standards to enhance the value, relevance, and effectiveness of the architectural
profession.

= The mission of the American Council for Construction Education (ACCE) is to be a
leading global advocate of quality construction education programs and to promote,
support, and accredit quality construction education programs.

Examination of the specific requirements for accreditation shows evidence that although
the multidisciplinary context of practice is recognized; it is emphasized to varying degrees.

In the Program Outcomes for ABET EAC ‘an ability to function on multidisciplinary teams’ and
‘an ability to communicate effectively’ are two of 13 outcomes that students must attain.
However, when specific programmatic requirements are examined the emphasis varies. In Civil
Engineering programs students are required to be able to ‘...explain basic concepts in
management, business, public policy, and leadership...”. In Construction Engineering an
understanding of legal and professional practice issues related to the construction industry; an
understanding of construction processes, communications, (ABET EAC 2010-2011:10, emphasis
added). This is in contrast to mathematics, sciences, and engineering where the terms
proficiency and apply knowledge that indicate functional capabilities are used. Only in
Architectural Engineering is a functional level of expertise required ‘... an understanding of
architectural design and history leading to architectural design that will permit communication,
and interaction, with the other design professionals in the execution of building projects. (ABET
EAC 2010-2011:7).

The NAAB defines two levels of student accomplishment (NAAB Conditions for
Accreditation 2004:11) that are used to guide program development. Understanding—the
assimilation and comprehension of information without necessarily being able to see its full
implication, and Ability—the skill in using specific information to accomplish a task, in
correctly selecting the appropriate information, and in applying it to the solution of a specific
problem. It also identifies 34 specific areas in which students must demonstrate either
understanding or ability. Effective communications skills (1) are identified as a required ability,
as is the ability to collaborate (7) in interdisciplinary teams. However, the collaboration is
focused solely on the ‘design team.” Understanding of human behavior (12) is required, but only
in reference to the physical environment. Construction is referenced in terms of understanding
cost control (25) and the need for understanding ... the need for architects to provide leadership
in the building design and construction process.”(32)

The ACCE requires curriculum to lead to ‘...a leadership role in construction ... and the
application of evolving knowledge in construction and in the behavioral and quantitative
sciences.” (ACCE Document 103:7). The abilities to communicate as well as understand human
behavior are identified as ‘essential assets’. The construction professional is identified explicitly
as a manager and ‘... must know how to manage the principal resources of the industry, i.e.,
people and money.’(Business and Management: 12). ‘The Constructor must have an
understanding of the contribution of the design disciplines' processes. The Constructor must be
able to communicate with the design professionals, and should be capable of participating during
the planning phase of design-build projects.” (Construction Science: 12) Curricula topics should
address the constructor’s role as a member of a multi-disciplinary team, the assessment of project
risk, and the alternate methods that can be used to structure the owner-designer-constructor team.
Course work will examine the various roles and responsibilities of project participants
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throughout a project’s life and the creative ways that project teams can be assembled.
(Construction: 13)

The analysis above suggests that all of the disciplines acknowledge the need for
multidisciplinary collaboration. However the degree to which it is emphasized varies
dramatically. In both engineering and architecture the requirement is subsidiary to the
achievement of design knowledge. This is in contrast to the constructor where the development
of collaborative teams is a requirement. The differences in emphasis are likely related to the
licensing requirement for architects and engineers and must be addressed in any curriculum
model.

Collaboration will likely result in a conflict between ideas that interact in new ways.
However, these new interactions offer the opportunity for new knowledge creation. Puddicombe
(1997) offered evidence that performance within the built environment required a movement
away from planning as an isolated linear process and a focus on an iterative learning process.

Planning Executing .
Y

/
/4
1
\
\ Performance
N Assessment

“ LEARNING
KNOWLEDGE

Figure 1. Learning Knowledge Feedback Loop

The reality of an academic environment places constraints on the amount of learning that can
result from the actual execution of the plan. However, an interdisciplinary academic
environment can readily support learning that results from the planning process itself. In that
context we propose to develop a model for the design of a collaborative learning environment.
Our focus is designing a knowledge creation process that results in a superior physical (built)
product.

The context of a knowledge creation process miust be accompanied by an understanding
of the nature of knowledge, which we define as explicit or tacit, (Polanyi,1958; Nonaka and
Takeuchi, 1995). Explicit knowledge is that which may be codified such as plans and
specifications. It can be explicitly defined and captured in a concrete form. Tacit knowledge is
something that is not easily expressed and is hard to formalize. The abilities of the project
manager to deal with a recalcitrant sub-contractor or to intuitively re-schedule a set of complex
activities that are delaying the project are expressions of tacit knowledge.
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Figure 2: Modes of Knowledge Conversion (adapted from Nonaka and Takeuchi, 1995)

The knowledge that different disciplines bring to the project will vary as to the degree that it is
tacit or explicit. The pedagogical processes that define the student’s disciplinary learning

suggest the balance. Architecture with its emphasis on the studio and critiques as a learning
vehicle conveys a significant tacit component. Engineering with its basis in math and science

and the search for a correct solution conveys a significant explicit component. Construction with
its emphasis on management (tacit and explicit), construction science (explicit), and construction
process (tacit and explicit) combines both.

New knowledge is rarely created by a single individual, but rather by the interaction of
individuals. As depicted in Figure 2, this interaction involves the conversion of knowledge from
one form to another (Tacit to Explicit to Tacit). Our model needs to recognize and
operationalize this process. The specific realization of this knowledge conversion process will
vary from project to project. However we can develop some generic example. Socialization
could describe the informal process by which the various actors learn to deal with each other.

The underlying belief systems of the individuals will interact, resulting in a management process
defined by adversity or collaboration. Internalization would be reflected in the development of
the firms’ underlying belief in the trustworthiness of each other as a result of the formal
contracts. Externalization describes the process by which the architect translates the owner’s
thoughts into a set of plans and specifications. Combination describes the translation of the
architect’s plans and specifications into the contractor’s budget and schedule.

4. LEARNING MODULES

This project addresses the problems arising from professional differences by adding lessons to
existing Architecture, Construction, Engineering courses. The objectives of these lessons is to
have the participants in a project more aware of the perspectives, requirements, and objectives of
each party involved in a project. During this project there would be approximately 20 students
from each discipline. Since lessons would be introduced into both semesters of junior level
courses, there would be a total of six lessons to be taught to all sixty students participating in the
project. The lessons are being developed initially as six learning modules distributed over the
academic year.
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While all three of the departments - Architecture, Engineering, and Construction
Engineering Management — support the project, it was concluded that designing new courses
would be inflexible and thereby prohibit implementation. The existing engineering, architecture
and construction curricula make the accommodation of additional courses very difficult. As a
result the curriculum content is being developed as portable modules, which while discipline
responsive, will be adaptable to a range of courses and levels. Since the program centers on the
processes and requirements of producing buildings, the modules are intended for classes where
there is a thematic connection to construction, assembly or project implementation.

In “The Knowledge Creating Company” Nonaka and Takeuchi speak about methods of
knowledge creation and conversion. The root of this project is knowledge “conversion”: while
some of the information required for any project is externalized through design and construction
documents the individual AEC disciplines have different tacit knowledge and objectives (as well
as goals and measures of success). The issues being addressed in the modules, and at the root of
this project, are where tacit knowledge for one discipline is missing or ill-communicated.

The modules are developed to promote two kinds of knowledge conversion, either converting
tacit knowledge of one discipline into accessible explicit knowledge for those in other
disciplines, or through collaborative projects where broader project knowledge becomes tacit
across the disciplines.

One module each semester would be focused upon communication (knowledge
conversion), mediation, and the social aspect of tolerance, subsequent modules would put these
concepts into practice, as well address the action-based questions. The first module of each
semester would be presented individually to each discipline. The subsequent modules would be
taught to multi-disciplinary groups of students.

Module One: How do you ask the right question and get the right answer?

The first module will be administered to each of the three disciplines individually. The focus of
this teaching unit is modes of communication, explanation and deliberation. Content will
include modes of verbal, graphic and written communications. Case studies will include case
studies of both good and bad methods and their outcomes, the differences between informal
communication tools versus contractual materials, and good models for integrated project
delivery. The primary learning objective is providing the students with clearer methods and
communication paths to achieve the subsequent group work. Success will be evaluated based on
student understanding of broad communication methods and specific understanding of how
different communication methods both serve the AEC process.

Module Two.: How do you navigate a process of specialized tasks?

The second module will be administered as a cross-disciplinary group project. The focus of this
teaching unit is project delivery. The project will ask, “What do you need to do to get a project
done within a limited time-frame and budget?” The project objective will require all the students
to engage all phases of work including design, acquiring material, distributing labor, and
execution. The objective of this unit is to help student see the benefits and shortcomings of a
sequential process wherein team members engaged in the preceding and/or subsequent steps
shape the outcome. Students will be asked to measure how closely the outcome is to the original
design intent. Success will be evaluated based on the product outcome, individual student self-
assessments and their ability to formulate a revised plan of action toward an improved outcome.
Module Three: How do you produce a better outcome?
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This module will be a group project focused on the quality of an outcome. The focus of this
teaching unit is measures of precision, performance, and craft. Case studies will include
discussions of fine and rough tolerances, benchmarks for success and their variations through the
design, engineering, and building trades. The project will ask, “What do they (other
disciplines/trades) need to know from you in order for you to do your job well?”” and, “What do
they need to know from you in order to do their job well?” The objective of this unit is to help
students understand the impact of properly aligned and misaligned tolerances and processes (as
well as practice and experience) that are needed to produce a finer quality of output. The project
will work toward a small to medium size construct wherein the level of craft will be balanced
against the level of completeness (i.e. precise, but unfinished products will be weaker than a
product that is moderately precise, but more complete). Student submissions will include the
product as well as a narrative of the benchmarks established for design, engineering and
construction.

Module Four: Buy-in, incentives, and risks.

The module will again be administered to each of the three disciplines individually readdressing
methods of effective communication. Some detailed lessons regarding graphic tools and
diagramming will be presented. The other content will discuss how to create buy-in between
disciplines, risk assignment and management. Case studies will include recent models of
integrated project delivery using BIM where integrated building documents are promoting
smoother delivery and greater process economy. The primary learning objective is to develop
communication skills that move beyond project delivery to project management and leadership.
Answering, “How do I get you to invest in my goals?” Since this is best measured in an actual
project outcome most of the module’s assessment will follow from the two subsequent project-
based modules.

Module Five: How large are your shoes?

This group project module will ask students to temporarily visit the goals and priorities of their
peer groups. Construction Engineering Management (CEM) and Engineering students will
design, Architects and CEM students will do engineering, and Architects and Engineers
construct and manage. Several design/build projects will serve as precedents for this learning
unit. The primary objective of this unit is to help students in all three groups to better understand
the methods and modes of their peers with secondary goal is to create new bridges for
communicating project intent and way-finding.

Module Six: What do you know? How do you know you know it?

The preceding group projects will be short and intense with development and execution taking
place over one to three days. The final group project of the series will be longer, larger in scope
and be preceded by a sequence of discipline specific tasks that require an information feedback
loop between the team members. Students will record their communications and pass along
content using project-dedicated blogs. This will be the most complex project with each student
group demanding more discipline-specific input toward the final product. The objectives of this
module are broad, with the intent that students practice the methods of collaborative
conceptualization, calculation, and construction required to develop and deliver a compact but
complex construct large enough to accommodate six adults in a standing position. Team roles
will be more carefully defined, and allotted, than in previous projects: assessment will ask
students to make both quantitative and qualitative records of their team members’ efforts and
effectiveness. The project outcome will be assessed for each component as well as the final
artifact/construct.
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