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Abstract

Building Information Modeling (BIM) has been touted by industry leaders, professional societies
and trade articles as the next *big’ industry trend shaping the delivery of commercial construction
by architects, engineers and construction managers. BIM delivery has been presently utilized by
over half of polled industry partners. And, withstanding a separate technological programming
breakthrough, BIM will likely sustain high levels of growth in implementation in industry with
the rise of the next generation of design and construction professionals and building owners in
the next 50 years, making BIM delivery the primary means of commercial construction
document and project delivery. Due to this growth and publicity, universities around the USA
have been highly encouraged to implement BIM into their educational curricula fabric of course
work, placing an ever increasing emphasis on a BIM skill set for their graduates. Taken
together, surveys of Architectural Engineering programs current and planned implementation of
BIM, potential employers’ emphasis on recruiting graduates with BIM skills, reading and
referencing of trade articles relating BIM to industry delivery trends, research on initial and
sustained requirements and associated costs of hardware and software for universities
specifically Architectural Engineering Programs to include BIM in their curriculums, this
collation of research and information will trend towards suggestions and conclusions related to

BIM’s importance in Architectural Engineering curriculums of the present and future.
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CHAPTER 1 - Introduction

Building information modeling (BIM) has gained substantial popularity and is becoming
the emerging processes that replace the traditional separation of design, construction and
facilities management. BIM covers geometry, spatial relationships, light analysis, geographic
information, quantities and properties of building components (for example manufacturers'
details). BIM can be used to demonstrate the entire building life cycle, including the processes
of construction and facility operation. Quantities and shared properties of materials can be
extracted easily and scopes of work can be isolated and defined. Systems, assemblies and
sequences can be shown in a relative scale with the entire facility or group of facilities.

With support from professional organizations such as American Institute of Architects
(AlA), American Society of Civil Engineers (ASCE), and the Associated General Contractors of
America (AGC), in turn with large scale building developers and Owners mandating BIM
delivery on their projects; the Architecture/Engineering/Construction (AEC) design professionals
and contractors responded with perceived full scale adoption of BIM as a method of document
and building construction delivery.

This paper describes (1) a brief background on BIM and BIM technology, (2) the
objectives, methodology and outcomes of two internet surveys, one sent to the eighteen ABET
accredited architectural engineering (AE) programs and a second sent to the employers who hire
undergraduate architectural engineers for the AEC industry, (3) the relationship of BIM
education to the suggested ABET program requirements for educational program accreditations,
(4) areturn on investment for ARE programs who embrace the infusion of education of BIM ,
and (5) some suggested education curriculum implementation plans, conclusions and thoughts

looking forward.

1.1 Defining BIM
What is (or) How do you define BIM? There are several slightly differing views of BIM
and it’s definition. The following are a few of the more widely accepted definitions by the
manufacturers of the mainstream BIM software.
e “Asingle repository including both graphical documents - drawings - and non-

graphical documents - specification, schedules, and other data” - ArchiCAD



e “A modeling of both graphical and non graphical aspect of the entire Building

Life cycle in a federated database management system” - Bentley

e “A building design and documentation methodology characterized by the creation

and use of coordinated, internally consistent computable information about a

building project in design and construction” - Autodesk

1.2 History of BIM Software(s)

What is the historical timeline of software releases for Revit?

Revit Architecture

Revit Structure

AutoCAD Revit MEP Suite

Revit Architecture 2011 April 2010
Revit Architecture 2010 April 2009

Revit Architecture 2009.1 Sept. 2008

Revit Architecture 2009 April 2008
Revit Architecture 2008 April 2007
Revit Architecture 9.1 Sept. 2006
Revit Architecture 9 April 2006

Revit Architecture 8.1 April 2005
Revit Architecture 8.0 August 2005
Revit Architecture 7.0 December 2004
Revit Architecture 6.1 March 2004
Revit Architecture 6.0 December 2003
Revit Architecture 5.5 April 2003
Revit Architecture 5.1 May 2003
Revit Architecture 5.0 December 2002
Revit Architecture 4.5 May 2002

Autodesk acquires Revit Technology
Corporation - April 1, 2002

Revit Structure 2011  April 2010
Revit Structure 2010 April 2009

NA

Revit Structure 2009 April 2008
Revit Structure 2008 April 2007
Revit Structure 4 Sept. 2006
Revit Structure 3  April 2006
Revit Structure 2 Sept. 2005

Revit Structure 1 June 2005

AutoCAD Revit MEP Suite 2011 April 2010
AutoCAD Revit MEP Suite 2010 April 2009

NA

AutoCAD Revit MEP Suite 2009 April 2008
AutoCAD Revit MEP Suite 2008 April 2007
AutoCAD Revit MEP Suite 2.0 Sept. 2006

AutoCAD Revit MEP Suite 1.0 April 2006

Figure 1:1 Historical Timeline of Revit® Software Releases




Microstation:

1985 - Keith Bentley founds Bentley Systems, Inc.

1986 - Bricsnet's initial architectural modeling software product was developed for IBM UNIX by architect Erik De Keyser.
The first CAD software created by Bentley Systems is called PseudoStation and it allowed users to view Intergraph
IGDS drawings files without Intergraph software or hardware.

1987 - MicroStation is released with the ability to edit IGDS files.
50% of Bentley is purchased by Intergraph.

1987 - Bentley creates the first version of the DGN file format.

1995 - Bentley develops advanced solid modeling for MicroStation and releases MicroStation 95 for the Windows platform.

1996 - MicroStation/J V7 is released.

1997 - After obtaining Bricsnet's architectural modeling software which becomes the core technology for MicroStation

TriForma, Bentley releases its first BIM application to run on MicroStation.

2002 - MicroStation V8 is released and the DGN file format changes for the one and only time since it's conception.

2007 - Generative Components is released enabling programmable modeling.

2008 - MicroStation V8i BIM applications are released enabling real time views of plans, sections, elevations and clipping

planes.

Figure 1:2 Historical Timeline of Bentley Microstation® Software

ArchiCAD:

1982 - Development for ArchiCAD started in Budapest behind the Iron Curtain.

1987 - ArchiCAD is released. ArchiCAD is recognized as the first CAD product on a personal computer able to create both
2D and 3D drawings and considered the first BIM product.

2007 - Nemetschek AG purchases Graphisoft.

Figure 1:3 Historical Timeline of ArchiCAD® Software



CHAPTER 2 - Building Information Modeling (BIM) Technology /

Software

2.1 Technology / Software

To quote the GSA (U.S. Government Services Agency) guide to 3D-4D Building
Information Modeling: “There is a progression from 2D to 3D, 4D, and BIM. While 3D models
make valuable contributions to communications, not all 3D models qualify as BIM models since
a 3D geometric representation is only part of the BIM concept. Critical to successful integration
of computer models into project coordination, simulation, and optimization is the inclusion of
information—the “1” in BIM—to generate feedback. As a shared knowledge resource, BIM can
serve as a reliable basis for decision making and reduce the need for re-gathering or re-
formatting information.”

ASHRAE (American Society of Heating Refrigeration and Air-Conditioning Engineers)
further defines the different levels of BIM in “An introduction to BIM” as “A Building
Information Model is a digital representation of the physical and the 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.”

Two dimensional or three dimensional, Computer Aided Drafting is equivalent to
conventional drafting, only performed on a computer. Unintelligent points, lines and symbols
are used to convey design intent or detail construction means and methods. Most often plotted
onto paper media and published in that form for drawings and specifications and delivered to the
owner, contractor and reviewing authorities and agencies for approval and actual construction.
The final 3D model includes three dimensional (3D) shape information, but does not include the
4D and 5D characteristics described below.

To create a BIM, a modeler uses intelligent objects to build the model. Building
Information Modeling is the human activity of using BIM software and other related software,
hardware and technologies to create and use in a building information model.

A 4D BIM model has objects and assemblies that have schedule and time constraint data

added to them. The information can be contained in the BIM or can be linked or otherwise



associated (integrated and/or interoperable) with project design and construction activity
scheduling and time sensitivity estimating and analysis systems.

A 5D BIM that has objects and assemblies that have a cost dimension added to them. The
cost information can be contained in the BIM or can be linked or otherwise associated to the
building objects.

Over the years, Engineers have primarily had two standards for 2D Drafting — AutoCAD
(by Autodesk) and Microstation/IntelliCAD (By Intergraph, Now Bentley Systems). Although
there have been other programs available, they were in the minority. Translating between these
programs could at times prove to be painful, but over the years the problems were overcome. So
for a while architects and engineers have been able to easily transfer 2D information back and
forth, no matter the program.

Then as computers got stronger, the programs became better and more involved. First
came 3D modeling and then intelligent AEC/MEP modeling and finally BIM as we know it
today.

2.1 The Somewhat Ugly Truth

Software manufacturers will convey that their program is compatible with a competitors
program, especially when a client currently uses different software. The truth is, with a few
exceptions, that they don’t. While the other program may be able to import a model the chances
are any usable BIM intelligence will not exist after importing. The other problem not mentioned
is when the models are transferred, they often will lose cohesion. Causing the modeler problems
with corrupted models, and models where only some of the model imports, adding work and
slowing the process down.

There has been progress in the industry to come up with a neutral standard for all BIM
software. That format is known as Industry Foundation Class (IFC). The IFC specification is a
neutral data format to describe exchange and share information typically used within the building
and facility management industry sector. The IFC specification is developed and maintained by
buildingSMART International, bSl, (formally known as International Alliance for
Interoperability, IAI).



Currently, IFC supports primarily architectural and structural steel BIM Models. So
models in Autodesk REVIT will open in Bentley or AutoCAD ADT and keep most of their
intelligence.

The problem lies in jumping into BIM and not understanding what BIM is and the
limitations of the software. That all said BIM still saves time, money and effort when properly
executed. Even when 4D or 5D BIM modeling isn’t an option, 3D modeling alone is worth the
effort. What it truly takes for a project to be fully and accurately modeled in 4D or 5D BIM, is
for the architects, engineers and contractors to be using the same software package.

Based on Autodesk Inc. support of free software downloads for educational purposes, this
paper focuses mainly on Autodesk’s Revit® software, but survey questions consider Bentley,

ArchiCAD and other software(s) for data generation.



CHAPTER 3 - BIM & ABET Program Requirements

Architectural Engineering (AE) programs are committed to preparing students for the
rigors of a career in design, engineering, and construction. Accredited by ABET (Accreditation
Board for Engineering and Technology) for architectural engineering, an AE program provides a
solid foundation in the fundamentals, and should include additional instruction in cutting-edge
methodologies, such as design/build or sustainability. Accredited under the General Criteria and
the Architectural Engineering Program Criteria by the Engineering Accreditation Commission of
ABET, 111 Market Place, Suite 1050, Baltimore, MD 21202-4012 - telephone: (410) 347-7700,
http://www.abet.org.

Of particular importance to this report is a relatively new technology known as building
information modeling (BIM) and its ability to mirror the real world of architecture and
engineering in the classroom and industry.

A draft from February 14, 2010 includes comments on the ABET Program Criteria
discussed during an AE Academic Council of AEI Conference Call dated February 11, 2010.

1. Curriculum

The program must demonstrate that graduates can apply mathematics through differential
equations, calculus-based physics, and chemistry. The four basic architectural engineering
curriculum areas are building structures, building mechanical systems, building electrical
systems, and construction/construction management. Graduates are expected to reach the
synthesis (design) level in one of these areas, the application level in a second area, and the
comprehension level in the remaining two areas. The engineering topics required by the general
criteria shall support the engineering fundamentals of each of these four areas at the specified
level. Graduates are expected to discuss the basic concepts of architecture in a context of
architectural design and history. The design level must be in a context that:

a. Considers the systems or processes from other architectural engineering curricular areas,

b. Works within the overall architectural design,

c. Includes communication and collaboration with other design or construction team members,

d. Includes computer-based technology and considers applicable codes and standards, and

e. Considers fundamental attributes of building performance and sustainability.

Figure 3:1 DRAFT ABET AE Curriculum Developed for Commentary 2010




The AE AC;s draft has opted for the wording “computer-based technology” to encompass
several software technologies including but not limited to BIM software(s). Again showing a
valued importance of educational advancements related to information technology in the
undergraduate classrooms which reinforces the urgency of the findings of this report topic
relating the current industry trends to the current curriculum trends.

A review of recent studies and university websites reveals that some undergraduate
programs are making the leap to incorporate BIM in their curricula. For example Penn State
University website notes introducing BIM by way of a two-day voluntary tutorial. The
following survey results and conclusion will reflect how direct and timely responses to the
question of information technology integration (ie: BIM integration) have, can and should be
met.



CHAPTER 4 - Objectives of Survey(s)

4.1 Objective of Survey

Computer-aided drafting (AutoCAD) has been the most sophisticated modeling technique
available to architects, engineers and construction managers and is perceived to be giving way to
the more complex technology of building information modeling (BIM).

This report is an attempt to quantify through survey data what the eighteen ABET
accredited architectural engineering undergraduate programs have done, if anything, to
incorporate BIM in their curricula. And to tie that information to a second survey of technical
professionals to confirm that BIM technology is truly a trend within the engineering industry and

has become an emphasis for employers of undergraduate architectural engineering candidates.
4.2 Participants

4.2.1 ABET Accredited Architectural Engineering Programs

The colleges and universities who are ABET accredited Architectural Engineering (AE)
programs were surveyed for this study. Although many AE programs have graduate programs,
this study focused primarily on undergraduate curricula. At the time of the survey there were 18
institutions which offered undergraduate programs in architectural engineering. Each of the 18
institutions was contacted prior to collecting survey materials in order to gain contact
information of the Program Chair/Head and one or more faculty who were well versed in AE
program visioning, BIM, and possible BIM curricula. The survey was delivered via an emailed
link to the Axio Survey Website. Responses were received from 12 separate institutions, about
66% of the total.

Survey participants included responses from AE programs University of Texas at Austin,
University of Colorado at Boulder, Illinois Institute of Technology (I1T), Pennsylvania State
University, Drexel University, California Polytechnic State University, Milwaukee School of
Engineering, Missouri University of Science and Technology, University of Wyoming,

University of Nebraska-Lincoln, and Kansas State University.



“,

Figure 4:1 US Map of AE Program Respondents
The respondents were asked to provide background information regarding their programs
enrollments size. Below is the percentage of responses, by range of undergraduate enrolment.

The most common program size was 301-400 undergraduates with 11-25 graduate students.

No. of Undergrad.

0100-200

@201-300

0301-400

0401-500

Figure 4:2 Current AE Undergraduate Program Enroliments
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No. of Grad.

oo0-5
@6-10
011-15
016-20
B21-25
026-30
@31+

Figure 4:3 Current AE Graduate Program Enrollments

In addition to undergraduate and graduate enrollment numbers, respondents were asked
to select the level of importance within their curricula regarding the following statements.

The shaded cells within the table reflect some of the more telling responses as to trends in
AE program curricula and instructional methodologies.

Importance Level within Curricula

Critical

None | Low | Average | High Above Average

Integration of building elements | 0% 8% 15% 15%
(Structural./MEP/ FP/L/IT/TD)

Core design fundamentals & 0% 0% 0% 31%
skills for AEC industry

Sustainable Design Concepts 0% 8% 15%

Student preparation for LEED AP | 8% 0%

Exam

Student prep for HPBDP 8% 31%

Topics related to Lean 0%
Construction

Computer-based instruction 0%
(any format)
Distance learning 0%

Note:  HPBDP — ASHRAE’s High Performance Building Design Professional certification
Above Average consists of a combined % of High + Critical

Table 4:1 AE Curricula Topic Emphasis
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Note that of the surveyed statement(s) the core design fundamentals and integration were
77%, 100% respectively, showing a continued and consistent emphasis of AE program curricula
to teach and reinforce core engineering fundamentals as their primary pursuit. Also showing a
strong 77% above average rating is the concept of infusion of sustainable design and
construction concepts within AE programs. One would argue that these sustainable concepts
have always been embedded into core engineering concepts, but only more recently have they
become a topic that is emphasized and being tagged as “sustainable” when discussed in lectures
and laboratories throughout college campuses.

The only section to receive slightly more diverse, but still above 50% of above average
respondents, was Computer Based Learning (Any Type). One could draw the conclusions, that
similar to “sustainable” concepts and its rise in popularity within AE curricula in the last decade
that a similar rise has begun to occur with computer-based instruction. Albeit not solely
restricted to BIM software(s), computer based instruction is trending towards becoming a “must
have” within AE curriculums whether it be Microsoft Excel®, Trane Trace ®, RISA®,

AGi32 ®, AutoCAD® or other software(s). And few would argue that the instrumental and
newest computer based software for design engineers on the market today are the BIM
software(s) which would lead one to conclude that BIM is propelling this shift in importance and
that computer based instruction will track the same upward swing as “sustainability” has shown
in the past decade.

4.2.2 Industry Employers of Architectural Engineering Undergraduates

The industry employers of architectural engineers were also surveyed for this study. In
order to generate an exhaustive list of survey participants, employer contact lists were obtained
from Kansas State University. Also Engineering News Record (ENR) Magazine was referenced
for additional national firms and contacts were generate from company website profiles and
posted contact information. The survey was delivered via an emailed link to the Axio Survey
Website. Responses were received from 18 separate corporations, about 13.85% of the total.
And important to note that 44.44% of respondents either were headquartered or operated regional
offices in Kansas.

The majority of the industry employer respondents were of companies totaling 1-50

employees at a respondent rate of 39%, with second largest respondents group of companies

12



totaling 101-200 employees at a respondent rate of 22%, and the third largest respondents were

of companies totaling 401-500 employees at a respondent rate of 11%.

No of Employees

Figure 4:4 Percentage of Number of Employees

The industry employer respondents reported revenue received for design purposes as

01-50
@51-100
0101-200
0201-300
B301-400
0401-500
@501-1000
01001-2000
B2000+

shown above are then compared below to a recent McGraw-Hill Construction survey completed

in July, 2009 to show validity due to MS Report Survey’s low respondent rate.

Reported Revenue

MS Report Survey (2010)

McGraw-Hill Survey (2009)

N=18 N=790
<$500K 5.56% 25%
$500K-$5M 33.33% 29%
$5M-$10M 22.22% 12%
$10M+ 27.80% 32%

Table 4:2 Employer Survey — Reported Revenue for Design Purposes

In order to better understand the

workforce and recruiting of each industry
employer, employers were asked to
estimate the number of AE educated
employees on their staff. 44% of the
respondents had between 11-25 AE
graduates currently employed in their
firm. This is roughly 1/8 to 1/2 of their

%

N

25% 0%

firm’s total employees depending on total size

No. of Employees

O#1-10
B#11-25
O#26-50
O#51-75
B#76-100
0#101-200
B#200+

Figure 4:5 Percentages of AE Employees
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shown above. These high AE employee numbers help to validate the collected data and

conclusions drawn when relating BIM education within AE programs and their curricula.
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CHAPTER 5 - Methodology

5.1 Questionnaire

5.1.1 ABET Accredited Architectural Engineering Programs

The questionnaire that was developed for this study requested quantitative and qualitative
information from the respective respondents. The first section asked for demographic
information about the institution.

The second section concerned the curriculum at each institution. The survey asked if
AutoCAD and BIM are taught as stand-along courses or infused into the curricula across
multiple classes. How courses are being taught? Distance or on campus? It also asked separate
questions about the incorporation of elements of BIM into other courses. In addition, it asked
respondents to specify which vendors’ software applications they use in their curricula.

The third section asked questions about the perceived usefulness of BIM technology, and
about the obstacles to changing curricula and developing/implementing a new course. If a BIM
introductory course is being taught? And if not, why not? Respondents were asked to determine
in their opinion, when during an undergraduate degree should a BIM introductory course be
taught? And finally, if any programs are currently promoting BIM software use as part of

competition team submittals?

5.1.2 Industry Employers of Architectural Engineering Undergraduates

The questionnaire that was developed for this study requested quantitative and qualitative
information from the respective respondents. The first section asked for demographic
information about the industry employer’s company.

The second section concerned the attitude towards BIM delivery at each company, and to
gain a historical perspective and areas in which AutoCAD and BIM delivery methods are being
utilized. In addition, it asked respondents to specify which vendors’ software applications they
use in their day-to-day operations.

The third section asked questions about the perceived future of BIM software adoption
and the document delivery process. What BIM skills their company would like to see when
hiring new interns or college graduates? And their companies inclination to offer higher starting

salaries to undergraduates with BIM skill?
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5.2 Statistical Analysis

This analysis includes only descriptive statistics and no comparative statics. No other

statistical analysis was completed.
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CHAPTER 6 - Summary of Survey Responses

6.1 Summary

6.1.1 ABET Accredited Architectural Engineering Programs

6.1.1.1 Background of AutoCAD and BIM Coursework

Respondents reported that 38% teach one required class in either AutoCAD or BIM as a
standalone course in their program. An additional 38% reported requiring two AutoCAD and/or
BIM classes for undergraduate graduation. 62% of AE program respondents require a BIM
introductory course for undergraduate graduation. Although a staggering 69% of respondents
selected BIM requirements in undergraduate educations as being Above Average (High or
Critical). 75% of respondents felt that BIM skills sets should be a learned skill upon graduation
whether taught in the classroom or learned from another source (Co-op, Intern, Self instruction,
vendor tutorials, etc...).

2D AutoCAD is considered the current “workhorse” of the design industry, 54% of
respondents agreed or strongly agreed that with the onset of BIM, “2D CAD is now very
inefficient compared to true BIM workflow software in design.” And 61% believe that adoption
of BIM technology in education within their AE program has (or would) lead to higher salary
offers for our AE graduates entering the job markets today.

77% of AE program respondents feel that the education and use of computer technology
in the classroom adequately prepares their undergraduates for positions in the consulting/design
industry, which strongly correlates to the 75% of respondents above, who are requiring one or
two AutoCAD and/or BIM courses as part of their AE graduation requirements.

An overwhelming 100% of respondents believe that BIM will eventually become the
primary form of document delivery for Architects/Engineers/Contractors, surpassing AutoCAD.

The large majority of AE programs offering BIM course(s) began between 2006-2009.
Currently only one program is offering BIM education through distance learning beginning in
2010 and only one program is considering offering BIM education for continuing education
credits or professional development hours in the foreseeable future.

Autodesk AutoCAD has been the standard electronic drafting method for the past twenty

years. In order to understand how this correlates to AE program curricula and the potential shift
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to BIM document delivery several questions were asked regarding the current use of AutoCAD
in course and curricula.

The respondents were asked at which point an AutoCAD introductory course was taught.
88% total of respondents indicated that an AutoCAD introductory course was taught either
freshman or sophomore year’s 44% each respectively, while an additional 11% of respondents
said that undergraduates were unrestricted as to when they completed an AutoCAD course. In
additional several programs responded that they are currently providing additional courses to
extend AutoCAD instruction. These courses range from Advanced AutoCAD, CAD
requirements in senior capstone courses, and all senior design courses and upper level studio
courses where students are either given the option or required to produce work in AutoCAD.
Three respondents stated specifically that their program is now giving the student the option in
upper level design and studio courses to produce the work in Revit in place of AutoCAD.

An overwhelming 100% of respondents require AutoCAD for undergraduate AE program

requirements for graduation.

6.1.1.2 Program Provided Software

Respondents were asked to select all the program provided software(s) they currently
make available to their students in localized computer labs. The results are as follows; note the
darker shaded cells represent 50+% adoptions:

% of Respondents
Vendor Software Providing Software

Autodesk Navisworks 23%

Bentley Microstation 23%
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Graphisoft ArchiCAD 8%
Nemetsheck Vectorworks | 0%
Google Sketch-Up Pro 15%
Adobe Pro 46%
Adobe Illustrator 39%
Adobe Photoshop 46%
Risa 3D 31%
AGi32 38%
Visual Basic or 31%
Professional

Trane Trace 700 46%

Other 31%

Note: Other responses included - Mat Lab, ETABS, Energy019, Mat Lab Maple, SAP, RAM+,

visual analysis for structural design

Table 6:1 AE Programs Providing Computer Lab Software for Students

6.1.1.3 BIM Introductory Courses

Of the AE programs requiring a BIM introductory course for graduation 100% of them
are teaching a form of Autodesk Revit. Of the above, 75% of those courses are being instructed
in Revit Architecture, 15% in Revit Structures and 10% non-reporting. The majority of
respondents would place this BIM introductory course in the sophomore year, followed secondly
be freshman year and lastly by senior year.

For those programs not requiring a BIM introductory course, some are however offering
BIM introductory courses for elective credit. Of those not requiring a BIM course for
graduation, 79% of respondents are offering the course for elective credit. Again with a sole
emphasis, 100% respondents offering Revit Architecture or Revit Structures. When BIM is
offered as an elective 74% of them are offering it at a senior level. It could be speculated that
this is due to complimentary electives within engineering being loaded towards the end of an

undergraduate curricula plan.
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6.1.1.4 Extension of BIM Coursework Examples
Several programs expressed utilizing or extending BIM education into other classrooms

beyond the introductory course. Below are their responses:

“We are aiming to embed BIM throughout courses, instead of having specific BIM
courses. For example, when teaching construction scheduling, we teach students how to create
4D models.”

“We implement BIM into junior year design studio and senior year capstone course.”

“I intend to introduce BIM tools in a required sophomore course this spring.”

“We teach AutoCAD freshman year but students learn BIM within our two architectural
design sequences CAE 468 and 469. The amount of BIM is about 1 course worth of material.
Both are required for graduation. Most students use BIM in their capstone design course and

students frequently use it in projects in other senior design courses.”

“All our design labs (ARCE 731, 452, 451, 372) and Interdisciplinary Capstone ARCE
415 use BIM.”

““Steel Lab, Timber Lab, Concrete Lab, students create structural documents such as
framing plans, elevations, and connection details. Students use Revit to product the model and

documentation.”

“Integrated Building Envelopes and our Collaborative Design Studio where students

work in multi-disciplinary teams and share information using a digital model.”

Figure 6:1 AE Program Responses Regarding Infusion or Extension of BIM Coursework

When asked, respondents chose from a list of statements in the table below that best
reflect how BIM education is currently being expressed in their program’s other courses above
and beyond a strict introductory course, the results are as follows; note the darker shaded cells

represent 50+% adoptions:
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Other levels of BIM are expressed in
coursework beside introductory software | % of
courses. Respondents

We do not mention BIM in our courses,

materials, seminars or course concepts 0%

We mention BIM in our courses 46%

conceptually

We are teaching BIM advanced courses 23%
WE have infused BIM projects into 1 or 46%

more traditional core concept courses

We offer Topics or Project courses in 15%

BIM specific research projects or
application projects for individuals who
wish to advance BIM coursework beyond
current course offerings.

Other 23%

Note: Other responses included:
e Using BIM in capstone design course
e  Students pursue BIM related projects as part of their graduate project/thesis

Table 6:2 Other BIM Education Formats
Areas where BIM is being taught and evaluated are numerous. When asked, the

respondents showed a strong consensus of teaching and evaluating a student’s ability to apply the

3D visualization and rendering aspects of BIM software(s).
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The results are as follows; note the darker shaded cells represent 50+% consensuses in
teaching/evaluation of BIM within a course:

Areas where BIM is being % of
taught/evaluated in a course: Respondents
4D Scheduling/Productivity 23%
Optimization (Lean Construction) 8%

Cost Control / Estimating 31%
Constructability / Interference Checks 31%
Engineering Calculations (ductwork

sizing, piping sizing, structural member

sizing, etc...) 31%

Commissioning 0%

Facility Management / Operation &

Maintenance Scheduling 8%
Site Planning 38%
Risk Management 8%
Interoperability with other software

packages 38%
None of the above 8%
NR 15%

Table 6:3 Areas of BIM being Taught/Evaluated
Note the correlation between BIM and the previously provided responses related to a
high level of curricula geared towards sustainability.

6.1.1.5 BIM Related Student Competitions
In the past twenty years student competitions have become an integral way for student to
expand upon classroom knowledge in national or international competitive environments.

Competitions help in creating positive competitive rivalries and opportunities for student
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leadership and public speaking experience which expand beyond the undergraduate program of
study. Relating student competitions to BIM, respondents were asked to select or provide
student competition teams that are currently utilizing BIM as part of their competition
submissions.

The results are as follows; note the darker shaded cells represent the highest competition
adoption of BIM:

% of Respondents Using
Student Competition(s) BIM
Reno BIM Competition 0%
ASC Competitions 0%
Revit Architecture 0%
Competitions
ASHRAE Student Design | 23%
Comepetition
SEI/ASCE Student 8%
Structural Design
Competition
Other 23%
None 15%

Note: Other responses included — Solar Decathlon, AISC/ACSA Steel Competition, IESNA Howard
Brandston Student Lighting Education Grant

Table 6:4 Student Competitions Submitted in BIM

6.1.1.5 Opportunities for BIM Minors, Master of Science or PhD

As colleges and programs explore opportunities for emphasis and minors, the question
was posed how many of the current AE programs offer an emphasis or minor in BIM. 100% of
respondents replied that they do not currently offer these options to undergraduates. But related
to research, the respondents were asked how many of them offer a Master of Science or PhD in
BIM or BIM related research. 23% of the respondents replied that they do provide such
opportunities for their student researchers.
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6.1.1.6 Looking Forward & BIM Education

In addition to strict response survey questions, two final questions were posed to the
respondents. The first asked them to include any further comment or information on where their
AE program stands regarding BIM education and secondly to include their own perspective of
administrative support and advancement of BIM education at their university/program over the
next 1, 5, 10 years.

Below are the most impactful statements received regarding the above question(s):

Question: Please include any further information on where your program stands
regarding BIM education.

“We are implementing several experimental courses at this time to encourage
collaboration with BIM as an enabling platform. One is a BIM Design Studio course which is
offered across AE, Architecture and Landscape Architecture. Another is a team senior design
project course where we team structural, construction, lighting/electrical and mechanical
students together to analyze a building and make recommended improvements based on analysis

through BIM applications and workflows.”

“We are developing graduate BIM courses based on scripting.”

“We have incorporated BIM as a major part of our senior level architectural
design/studio courses and encourage its use in our design engineering courses. Most students

use BIM, at least in part, during their design capstone.”

“We are not using BIM with structural design and it is rarely used with energy modeling

but we would like to update our courses.”

““Students have the opportunity to take additional AutoCAD and BIM courses offered by
the College of Architecture as technical electives. Graduate students do this more than

undergraduates.”
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“| teach an Intelligent Buildings class of which the first half of the course is BIM-

focused....many if not most of them (students) rapidly adopt BIM for projects in other classes.”
“Just started the BIM class a year ago and it is moving in the right direction.”
“Most faculty agree that 3D modeling is the wave of the future. As instructors, the goal

is to determine the best way to use BIM tools as an educational tool in addition to being used as

a production and coordination tool.”

Question: Please include your own perspective of administrative support and advancement
of BIM education at your university/program over the next 1, 5, and 10 year period(s).

“We have strong support for BIM initiatives. Having research sponsors and strong
industry advocates has been valuable in gaining this support.”

“The largest challenge is the training of the faculty in interoperability issues. Most
faculty are experts in their defined analytical tools, but the integration of the tools is where we
encounter the challenges. We started a BIM Wiki at bim.wikispaces.com aiming to capture

relevant knowledge for our students but this is a challenge to upkeep.”

“I believe that our administration recognizes the potential benefits of BIM, and sees it as
a potential integrative element in undergraduate and graduate ARE curricula. Unfortunately,
the current economic situation and decreasing availability of funds for universities in general
make it likely that a significant new funding will not be invested in revamping undergraduate

curricula around BIM.”

“Our university has Autodesk comprehensive licenses so we have access to all the Revit
products, but many computer labs are not capable of really running it. We need to get faster

computers with more memory to make it more available.”
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“We do not have any faculty with BIM training as regular faculty. Some of our adjunct
professors are more proficient and they are the ones who are doing the training. We are

planning on starting to incorporate it in our CEM courses with a new faculty hire.”

“The biggest issue for us is the faculty, not the students. We have site licenses for the
necessary software and adequate lab facilities. Most faculty, however, do not see the relevance
to their research interests and are reluctant/unwilling to spend the time to learn BIM in order to

incorporate it into their courses.”

“There is high support of BIM education in AE. The biggest hurdle is with true
interdisciplinary efforts due to conflicting student / faculty schedules and lack of compensation

for more than one faculty member involved in a course.”

“I believe our industry advisory council will recommend that BIM be a required class
and we will likely need to have a faculty dedicated to teaching CAD/Revit/BIM on a full time

basis.”

“Administrative support will remain strong and we will continue to advance BIM
education in our program. We are currently searching for a lecturer who can continue and

expand our expertise in BIM and our ability to more fully integrate it into the program.”

“BIM is the pencil of the future. It is the communication tool that will be used. We

should not teach BIM, but instead require the students to use it.”

“Currently funding efforts are coming from the private sector, which are understandably
interested in seeing their BIM packages introduced at the undergraduate level. The problem
with this is that the power of BIM in not related to one particular package versus another — it’s
interoperability that BIM promises and comes close to delivering. In our own undergraduate
curriculum, we are trying to emphasize the software-independent aspects of BIM. In our
graduate curriculum, we are just beginning to develop courses and projects intended to make

our current BIM software come closer to fulfilling its promise.”

26




“When there is an easier way to interface BIM to standard energy modeling programs

like eQuest or EnergyPlus we will try to incorporate it in our modeling classes.”

“I don’t see our older faculty who teach structures looking to incorporate BIM into those

classes.”

“While the industry advisory council is pushing for more BIM technology, they strongly
recommend that students be able to communicate with hand drawing/sketching.”

Figure 6:3 Perceived Administrative Support & Additional Comments
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6.1.2 Industry Employers of Architectural Engineering Undergraduates

6.1.2.1 AE Educated Employees

Each employer was asked to respond to a series of questions related to their recruitment
and employee demographic. Each firm was asked to roughly estimate the number of AE
undergraduate engineers working at their firms. 75% of respondents believed to have between 1
to 50 employees with AE engineering degrees. Remembering from prior data that the employer
responded profile showed that the majority of the industry employer respondents were of
companies totaling 1-50 employees at a respondent rate of 39%. The follow chart depicts
percentage of responses per employee number range. 51% of respondents noted 76-100 AE

educated employees as the highest employee bracket.

% of AE Employees

01-10
m11-25
026-50

051-75
B76-100
0101-200

@200+

Figure 6:4 Percentage of AE Engineer Employees per Employee Range Specified

Each employer was also asked to select from a provided list the number or AE programs
that they currently actively recruit from on an annual basis. 38.9% of respondents currently
actively recruit from more than five AE programs in the United States. This response was
followed closely by four programs (22.22%), three programs (22.22%), and two programs

(16.67%) and no respondents recruiting at less than two AE programs.

6.1.2.2 Transition from AutoCAD to BIM Technologies and other Software(s)
83% of employer respondent utilize 2D AutoCAD for project delivery. Employees

currently executing AutoCAD include:
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% of Respondent's Staff Utilizing 2D AutoCAD

OTechnical
Draftsman/designers

BEngineers in Training
(EIT)

OProject Engineers

OProject Managers

®Marketing

ONR

Figure 6:5 Percentages of Respondent’s Staff Utilizing 2D AutoCAD

22% of respondents agreed or strongly agreed that “2D CAD is very inefficient to a true
BIM workflow.” And 55% of respondents felt that BIM technologies will surpass AutoCAD as
the software of choice within six years.

Respondents were asked to select all software(s) they currently purchase and implement
in their design processes other than BIM software(s). Their responses are as follows; note the

darker shaded cells represent 50+% consensuses in corporate utilization:

% of
Software(s) owned & operated licenses: | Respondents
fulodesk AuoCAD [
Google Sketchup 11%
Adobe Pro 25%
Adobe Illustrator 17%
Adobe Photoshop 6%
RISA 3D 17%
AGi32 39%
ToveTrece e
eQuest 22%
Other 11%

Note: Other included — SKM, EDR, ComCheck, Microsoft Excel (qty. 2), AutoCAD MEP,
Table 6:5 Company Owned & Operated Software(s) Licenses
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6.1.2.3 Company Attitudes Towards BIM Delivery & Timelines

The respondents were asked to select the highest level of BIM currently being executed
by their firm. Of the options provided, 44% of respondents are utilizing BIM and plan to
continue when the project(s) lend themselves to such applications. Another 22% have infused
BIM into their core business, recruiting and marketing strategies, followed by the late adopters of
22% who do not mention BIM in any marketing or business materials.

Each respondent was asked to select the statement that best fit their company’s current
attitude regarding BIM workflow, software and project delivery. The table below reflects the
percentage of respondents per statement, and the McGraw-Hill survey responses are provided to
show validity due to low response rates.

Note that of the provided responses 73% were utilizing BIM software(s) in project

delivery and as an analysis tool.

% of McGraw-
Company attitude towards BIM % of Hill Survey
software(s): Respondents | Respondents
We have used it but decided not to use 0% 2%
them anymore
We have not used them and have no 0% 19%
interest in using them.
We have not used them, but are open to 0% 51%
exploring its potential value to us
We have not used it and believe it will be 0% 16%
valuable for us but not begun evaluating it
We have not used it but are actively 11% 13%
evaluating it

NR 16% 0%

Table 6:6 Company Attitudes Towards BIM Software

30



One year later than the McGraw Hill survey, this survey shows good correlation towards

the adoption of BIM project delivery by firms with 30% of its respondents using BIM for

projects of a certain scale/complexity.

Of the companies surveyed, 39% of respondents selected 2008-2009 as the year(s) in

which their company began BIM project delivery, followed secondly by earlier adopters in 2004-

2005 with 17% of respondents. All of respondents believed that their companies invest between

$0 and $100,000 dollars annually on BIM software, training and support. And this investment

produces diverse percentages of projects per company between the respondents.

See the table below for the number of projects produced with BIM technology in 2009 to
present (Feb. 2010):

Percentage of % of % of McGraw Hill McGraw Hill Survey
Projects Respondents Respondents Survey % of Respondents
Delivered in Projects Projects % of Projects anticipated in
BIM (2009 — Feb | Currently in BIM | anticipated in Respondents BIM within 2 years
2010) BIM within 2 Projects
years Currently in BIM
0% of projects 0% 0% 0% 0%
1%-15% of 28% 6% 41% 35%
projects
16%-30% of 11% 6% 20% 21%
projects
31%-60% of 22% 28% 19% 28%
projects
61%+ of projects | 119, E—t 220/ 219 ] 7%
NR 28% 0% 0% 0%

Table 6:7 Percentages of BIM Projects Delivered

Note the correlated percentage shift towards higher percentages of BIM projects being

delivered in the next two years in both survey’s results.

More respondents than not are choosing not to outsourced training of BIM software and

skills, but instead have opted for in-house training and online tutorials. And whether the training




be outsourced or in-house, most companies are choosing two days of training at a respondent rate
of 17%, followed closely by one day, three days or one week all at a respondent rate of 11%.
Of the companies having invested in BIM software, the following software(s) received

the highest percentage of respondents in descending order.

% of

BIM software(s) owned & operated: Respondents
AuloceskRevitMEP S0 |

Bentley Microstation 17%
Autodesk Revit Structures 11%
Autodesk Building Systems (ABS) 11%
Autodesk Architectural Desktop (ADT) 6%
Autodesk Revit Architecture 0%
Bentley Architecture 0%
Graphisoft ArchiCAD 0%
Nemetschek Vectorworks 0%

Table 6:8 BIM Software(s) Owned & Operated

Of those respondent utilizing BIM software and technologies, they were asked to select
all the areas that their company is currently maximizing on the execution of different BIM
capabilities. Their responses are as follows; note the darker shaded cells represent 50+%

consensuses in corporate BIM utilization:

Areas where BIM is being executed % of

within their company: Respondents
4D Scheduling/Productivity 11%
Optimization (Lean Construction) 6%

Cost Control / Estimating 6%
Engineering Calculations (ductwork 17%

sizing, piping sizing, structural member

sizing, etc...)
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Visualization / Rendering / Marketing 44%

Aspect
Sustainability / Energy Modeling 17%
Commissioning 0%

Facility Management / Operation &

Maintenance Scheduling 0%
Site Planning 0%
Risk Management 0%
Interoperability with other software 6%
packages

Table 6:9 Areas of BIM being Executed by Companies
Note that from the above question, the most selections by a single respondent was six of
the items listed above and the least from a single respondent was none of the items listed above.
78% of respondents reported that BIM will be High or of Critical Importance in the AEC
industry within the next five years.

6.1.2.4 Companies not utilizing BIM Software or Technology

For those late adopters who are currently not utilizing or implementing BIM at their
companies, it was important to determine why? Those respondents were asked a view a series of
statements and then to select on a scale of 1-5 (1 being No Influence upon their decisions and 5
being the Greatest Influence upon their decisions) which they believed were having the greatest
influence on their program’s late adoption of BIM.

Those statements receiving either a 4 or 5 rating are listed below in percentage of

responses:

Statement of reason: % of % of
Respondents | McGraw-Hill

Respondents

Haven’t had sufficient time to evaluate it | 6% 49%
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Functionality doesn’t apply well to what | 6% 35%

we do

Insufficient BIM-compatible content 6% 32%
available for my needs

Poor interoperability 6% 22%
Concerns about insurance/liability 6% 20%
Finding or training skilled engineers and | 6% 17%

designers to use the software effectively
Other 6% 0%

Note: Other included — Structurally the BIM aspect is minimal. We use Revit and we are ok with it as long

as the architectural model is good. We can see potential advantages and liabilities. We don’t get paid for the

extra work.

Table 6:10 Companies Greatest Influences and Reasons Not to Utilize BIM
In both this survey and the McGraw-Hill survey, “Demand for clients and/or other firms”
on a project received the highest percentage of responses as having the greatest influence on their

companies decision to not implement BIM workflows at their company.

6.1.2.5 Corporate Recruiting Trends

In evaluating the importance of BIM education in AE curriculums it was important to
ascertain the importance of BIM undergraduate education and BIM skill levels from the
companies who recruit those graduates. In order to do gain this data, respondents were asked a
series of questions related to BIM undergraduate education.

First they were asked to rate on a scale of critical importance to no importance several
general issues related to AE undergraduate curriculums.

The responses are as follows; note the darker shaded cells represent 50+% consensuses in

skills deemed high or critical:

Importance of the following AE curriculum % of Respondents rating
Issues: the statement High or
Critical

Interns with complimenting BIM skills 22%
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New graduates with complimenting BIM skills | 28%

Interns or graduates with energy modeling skills | 28%
utilizing BIM
|Sustaineble desiom cortcepts o proecs 8% T
Employees becoming LEED Accredited 44%
Professionals
Employees becoming ASHRAE High 17%
Performance Building Design Professionals
(HBDP)

Understanding of and skilled to execute “Lean 28%

design/construction”

Employees who have participated in one or 44%

more computer based instruction courses

Employees who have participated in one or 44%

more self paced distance-learning courses

Table 6:11 Importance of Differing Skills to Employers of AE Interns/Undergraduates &
Employees

Next they were asked if they believed if the level of technology education at the
institutions from which they recruit was adequate. 100% of respondents to the question agreed
that current technologies are being covered adequately. But an additional 83% of respondents
felt that BIM design and document delivery will continue to increase in the market, leading them
to further respond that 45% of respondents agreed or strongly agreed that “an adoption of BIM
technology education as a core AE curriculum component would likely lead their companies to
offer higher hourly wages and salaries to those students with BIM skills vs. those who did not
have BIM skills in the next five years.” Of those willing to consider higher salaries, 22% of
respondents would offer 4-6% higher salaries to BIM educated engineers. One respondent went
so far as to say that they would be soon restricting recruitment to only programs that had

incorporated Revit ® MEP into their curricula.
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6.1.2.6 Corporate Input on BIM in AE Curriculums

Respondents were asked to consider at which point during an AE undergraduate
curriculum a BIM introductory course or introduction to BIM software topics should be taught.
Almost all of respondents at 72% selected an upperclassman status as being the ideal time in an
undergraduate career (ie: Junior, Senior, Super Senior/Fifth Year); with 11% of respondents
having no option and 17% non-reporting.

In addition, the respondents were asked their opinion as to what other courses might AE
undergraduates have the opportunity learn or further enhance BIM skills with class projects and
assignments? Their responses are listed in descending order from greatest percentage of

respondent’s selections to least.

Other options for BIM coursework/class projects: % of Respondents
Advanced M/E/P/FP design courses 56%
Energy Modeling Courses 56%
Advanced structural design courses 44%
Advanced topics in BIM 44%
Introductory M/E/P/FP design courses 33%
Estimating courses 33%
Sustainability courses 28%
Construction scheduling courses 28%
Introductory structural design courses 22%
Other 11%
No other or No Response 23%

Note: Other included — For typical structural courses you may get too advanced from having design info. For example

a bar joist.

Table 6:12 Other Options for BIM Coursework or Class Projects

Finally respondents were asked two open ended questions regarding “BIM specific skills
that they would like to see when hiring new interns or new college graduates from an AE
program?” The responses were varied but with a few consistent themes, the first being that
introduction of BIM skills and software capabilities and limitations are important for an
undergraduate intern/new hire, secondly that understanding the design problem and being able to
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visualize in 3D whether with pen and paper or with a software product is invaluable, and finally
that additional training and exposure in all areas of design and BIM for a new intern or graduate
is anticipated in the a workplace environment upon graduation.

See the responses below in full text.

“Real project experience. Students should be provided a real project problem in any
given industry and show how they utilize any given BIM software of their choice to solve the
problem. Understanding of the program.”

“Actual practical application of BIM - not just an introductory course.”

“We would like for them to have a basic understanding of the program. General
familiarity with program navigation, load calculations (MEP-S), and energy modeling are very
desirable.”

“Working knowledge of the (BIM) concepts, at a minimum.”

“Knowledge of BIM and its inner workings would be enough. Most training can be done

on the job at this time. This may change within the next year or two.”

“At least, basic knowledge of how the software integrates with each of the MEP

disciplines.”

““A good understanding of the software, both its potential and its limitations, and the
ability to visualize MEP designs in 3-dimensions while understanding the constraints of the
buildings.”

“Familiar with Revit MEP.”

“Architectural Lighting Calculations, power density.”
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“Knowledge of what it will do is good because it will open their eyes to the uses in the
future. This is an added value to a project. On some jobs it is valuable on others it is not.

Depends on the client and the building.”

“User interface and knowledge of MEP systems.”

“We expect an AE graduate to understand how a building is constructed and how
systems relate and interact to make a complete facility. We do not expect the AE graduate to be
a technician and ready to produce a drawing with a specific program - we will train them to use

the tool.”

“Basic drawing skills and conflict checking so they can hit the ground running. We'll
take it from there and we don't want to overdo it just make sure they have basic skills and can

communicate about the software.”

“It isn't as important that they have a huge knowledge of BIM, just understand the basics
of it.”

Figure 6:6 Employer Feedback Regarding Engineering and BIM Skills
The final employer survey question asked them to share any additional comments

regarding BIM technology and/or BIM technology education in AE curriculums. The responses

are as follows:

“It is not a matter of if - it’s a matter of when. This will change the construction industry

like nothing else in the past 30 years.”

“It took programs way too long to implement a requirement for CAD courses. It is my
recommendation that BIM be required soon as that is what employers will expect. Similar to
CAD, soon this will be an expected skill, not something employers will want to spend money on

training.”
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“It is a great idea to get students involved early. This would give them a greater
potential in the work place upon graduation. However, advanced knowledge will not be
required until BIM surpasses AutoCAD 2D.”

“BIM Technology will most likely be the preferred software platform going forward in
the Construction industry; therefore it would be in a program’s best interest to start instruction

and education of this technology.”

“The buzz words in the industry today are BIM, IPD, and LEAN Construction. In reality
those three processes are all going to merge together to completely change the landscape of
AJ/E/C relationships. BIM is only one component and is software dependent more than the
others. IPD and LEAN Construction are the two forces that will shape relationships and how
firms work together. Students need to understand these processes and have an open mind to

changing how the industry works.”

“Use of BIM in completing Senior Design Projects.”

“I think it would definitely be a positive for undergraduate curriculum. But it is best to
know basics and reasons for basic decisions.”
“The biggest advantage of BIM is in estimating. It makes the contractor’s job easier. The

arch and eng now have to create the information for takeoffs.”

“Structurally it could be beneficial because it could incorporate design information
helpful for remodeling. Very useful in a manufacturing plant. Not so for a Quiktrip.”

“We all assume it helps reduce conflicts and catches mistakes but these buildings are still
built by hand and don't match the drawings. The easier it becomes the more it will be used.”

“Energy Modeling is the most important concept for future engineers.”

“Do not take away from core engineering skills to teach a technical skill. Use the BIM

technology only to reinforce the engineering skill.”
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“We are always willing to help with presenting our projects to the students.”

“I think BIM is basically where we were with AutoCAD 20 years ago, although it will
become more widely used at a faster pace.”

Figure 6:7 Final Employer Thoughts Regarding BIM
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CHAPTER 7 - Undergraduate Programs Rate on Investment (ROI)

7.1 ROI 101
ROI analysis is one of many ways to evaluate a proposed investment. It compares the
gains anticipated from an investment against the cost of the investment.
Earnings/Cost = ROI

7.1.1 ROI of BIM Investment for Educational Purposes
Thus if an AE program is looking to determine its ROI for providing and instructing BIM

they would be calculated using the following equation and example:

(Average AE Starting Salary X BIM Salary Percentage Increase)
Student — ROI

/ (computer license cost
| year
\ No.of students

) (No.of comptuers) \
X (AE program duration) |

Equation 1 - BIM ROI (simple)

The standard cost of an Autodesk Service Pack including Revit Architecture license is
$5,400 per license. Average Kansas State University AE instructional labs house 50 computers
for educational purposes. With an average of 400 students in an AE program the cost per student
to equip such labs, equates to $675 per student annually multiplied by a five year duration
equaling $3375 per student.

An average salary for December 2009 AE graduates from Kansas State University was
$53,000. If employers are willing to invest 5-7% more in salaries or hourly wages for students
with BIM experience. This would be an increase of between $2,650 and $3,710 per student.

Thus $3,375 falls within the range of increased salary percentages per student and
therefore would be considered a good investment of educational dollars. This is not considering
student equipment fees or individual course material costs that can vary substantially from

institution to institution.

Figure 7:1 ROI Example Calculation
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Costs for site licenses will only decrease with time and more and more users drive market
costs down.

Also it is important to note that the ROI for student at a major university is 100%
regarding Autodesk Revit products, as students receive all Autodesk software’s as FREE
downloads with their educational email “john.doe@umb.edu” extension for 12 months to a
personal PC or laptop. These downloads are available at www.autodesk.edu/edcommunity after

formally setting up an educational account with Autodesk.
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CHAPTER 8 - Suggested Model for Undergraduate Curriculum

Implementation

8.1 BIM: An Educational Need?

Although these two surveys stand to enforce the need for BIM education in AE curricula,
other studies in both architecture and construction science also suggest the educational need for
BIM technology and theories in undergraduate programs.

Dean (2007) carried out a research study to examine if BIM should be taught as a subject
to the construction management students. He conducted two questionnaire surveys targeted at
general contractors and ASC construction management programs in the Southeast. Based on the
gathered data, he concluded in general the construction management programs should teach BIM
to their students. The main reasons behind this conclusion were:

e Approximately 70% of the industry participants indicated that they are either
using or considering using BIM in their companies. This trend indicates that the
BIM utilization in the construction industry is going to increase.

e Approximately 75% of survey participants consider employment candidates with
BIM skills to have an advantage over candidates who lack BIM knowledge.

In other study, Woo (2006) pointed out that properly structured BIM courses would
provide industry-required knowledge to prepare students for successful careers in the AEC
industry. Instead of teaching a separate course, he suggested to reconfigure the existing
construction courses to integrate BIM into the course content.

“If we are to someday have widespread integrated practice within the industry, it must
first be adopted in the classroom....with project teams grouped to represent the different
disciplines of the construction industry.” “Centers of higher education in the AEC have to
recreate this collaborative experience in the academic world” (Camps 2008)

“Students must be trained to design for assembly and perhaps disassembly as we
recycle/reuse buildings in the future.” (Camps 2008)
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8.2 Proposed Curricula Modifications to Incorporate BIM

8.2.1 Basic Introduction to BIM Software

Based on the above survey findings and trends, conclusions are reached regarding the
necessity of BIM education in an undergraduate AE program. But how does an AE program
hope to implement BIM effectively? Based on employer survey response, 61% of respondents
felt that a basic introduction to BIM software technology was an important step in the
visualization and conceptual understanding of integration and constructability issues. An equal
61% of respondents noted that core engineering concepts are still the primary focus of an

undergraduate course.

8.2.2 When should BIM course(s) be taught?

There is some discrepancy regarding when during an AE program a BIM technology
course should be presented within an undergraduate curricula. Educational respondents
indicated at a level of 88% that a BIM technology introduction course should be taught during
freshman or sophomore year, while 72% of employer respondents felt that a BIM technology
introduction course would be best taught in junior or senior year. This discrepancy is likely due
to differences in anticipated course materials, and the ability to convey technical or real world
applications. The primary focus though is that 100% of respondents felt that BIM will become
the primary means of document delivery in the next five years. So whether the course is taught
early or later in an undergraduate curriculum, it should be implemented now in order to graduate
incoming freshman in 2010 with BIM skills in 2014 or 2015.

8.2.3 Which courses make the most sense to incorporate BIM?

The greatest percentage of respondents felt that one if not all of the courses listed below
were best suited for BIM to be incorporated into the course content. The first being a stand-
alone introduction course, the second being integration of BIM into design studio/drafting type
courses, third being sustainability or energy modeling courses and finally cap-stone design
courses. Other courses receiving strong responses included upper level structural and upper level
MEP design courses as well as student competition courses for credit.

Again the question of total BIM immersion into curricula is difficult, as several

respondents provided comments of wanting further BIM curricula integration but lacking the
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faculty or resources to execute the program shift. Truly, just as with learning any software or
design tool, students should have the ability to apply BIM software in multiple courses and to
have the opportunity for repetitive applications. This will allow the students not only to learn the
required inputs and user functions but also be able to assess the outputs as reliable and accurate.
A single course exposure to any software, including BIM software technologies, will likely
become forgotten or obsolete by the time the student attempts to re-engage the BIM workflow

process after graduation or during a summer internship.

8.2.4 Which Software Platform Should AE Programs Standardize On?

An overwhelming 80%-+ of departments have Autodesk Revit Suite (Architecture, MEP,
Structural) which correlates nicely to the 72% of companies utilizing one or more of the Revit
Suite of software(s). And of those employers utilizing BIM technology software(s) 100% of
them were utilizing Autodesk’s Revit software(s). This unanimous adoption of employers to
Autodesk Revit software helps in guiding universities regarding which software package to

invest their technology and equipment fees budgets.

8.3 Faculty Qualified to Teach BIM

One of the largest concerns voiced by the education respondents were the challenges
associated with the multi-disciplinary aspects of BIM technology in a classroom setting. To be
most effective BIM models should be utilized in conjunction with multiple disciplines for
coordination and interference checking and full building models can be cumbersome and
difficult to operate. It is also difficult to find professionals well versed in multiple disciplines
(MEP, structural, construction) that can speak to all of the uses and applications that BIM
software technologies can offer. And if one faculty is not “broad” enough technically to cover
all of the disciplines, then multiple faculty would need to incorporate BIM technologies into their
courses. This becomes problematic, as respondents noted the lack of interest or available time of
faculty to learn new technologies or to invest the effort to create real world BIM application
projects for courses such as MEP design, structural design, estimating and scheduling. Several
respondents from schools in large urban areas are depending on adjunct faculty or industry

professionals to instruct on BIM technologies and skills.
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CHAPTER 9 - Conclusions

9.1 Survey Conclusions

“Recognition of the benefits of BIM grows, and the abilities of design professionals,
contractors, fabricators and suppliers to work effectively in this new environment will
increasingly become a competitive differentiator.” (McGraw-Hill 2008) This survey strongly
correlates the conclusions drawn by the McGraw-Hill survey of 2008 relating BIM to the
competitive design/construction environment. In challenging economic times, BIM can be both
a recruiting advantage for AE undergraduate programs and a sought after skill from its students.
These BIM skills will not only allow for its graduates to become gainfully employed but can also
be critical to a program’s survival over time. Programs that can boast 100% employment rates
and strong starting salaries will likely attract and retain larger numbers of graduates than
programs that do not. BIM is one of many tools in the toolbox to allow an AE program to
continue to be highly successful at both.

BIM technology rapidly reaches high market penetration Contractors have continued to
adopt building information modeling technology, according to a recent survey. Building
Design+Construction magazine has reported that 83% of the largest engineering, architecture and
design firms in the U.S. possess at least one in-house BIM seat license.

Also, as re-tooling of the current job force continues, BIM technologies and BIM
application courses will only increase, requiring AE programs and campus continuing education
to consider also re-tooling of their program curricula in order to meet market demands for BIM
courses.

Although upfront investment expenses of BIM technologies for AE programs are
currently equal to the employer’s projected 5-7% increase in salaries offered to students with
BIM skills. The path towards total adoptions by the AEC market will lead companies to expect
AE program curricula to follow its lead instead of just encouraging it. Currently employers
expect that all AE undergraduates have some formalize training in AutoCAD upon entering the
job market. It can only be assumed that costs related to BIM instruction will continue to
decrease and salaries will continue to increase until ROI for BIM instruction in AE program far
outweighs the above listed struggles to implement the changes.
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9.2 Disclaimer

The opinions and recommendations expressed in this paper are the author’s personal

opinions and do not represent the official position of any participating organizations.

9.3 Resources that can help you get smarter about BIM (McGraw-Hill 2008)

Corporate

McGraw-Hill Construction: www.construction.com

Architectural Record: www.archrecord.construction.com

Engineering News-Record: www.enr.com

Autodesk: www.autodesk.com

Associations

American Council of Engineering Companies: www.acec.org
American Institute of Architects: www.aia.org/ip

American Society of Civil Engineers: www.asce.org

Architectural Engineering Institute (AEI): www.aeinstitute.org

Associated General Contractors of America: www.agc.org
buildingSMART Alliance: www.buildingsmartalliance.org

Charles Pankow Foundation: www.pankowfoundation.org

Design-Build Institute of America: www.dbia.org/pubs/
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Appendix A - Employer Survey Questions

1. Please enter the following information about your company.
Name of Company:

Headquarter Locations:

Size of company (total employees in all locations):
(Choose from drop down list)

] 1-50

(] 51-100

(] 101-200

[1201-300

[1301-400

[1401-500

[1501-1000

(1 1000-2000

[J 2000+

Reported revenue received for design purposes

(Choose from drop down list)

[] <$500,000

1 $500,000 - S5Mil

[ S5 M - $10 Mil

71 $10 Mil - $25 Mmil

1 $25 Mil - $100 Mil

1 $100 Mil - $500 Mil

[ $500Mil- S1Bil

[1S1B +

2. Please enter the following information about yourself:
First & Last Name:

Title:

Email (in order to receive complimentary copy of findings):
Years experience in your field:

3. Please select roughly the current number of AE educated graduates you currently having working for
your firm:

[11-10

] 10-25

] 26-50

[151-75

[J 76-100

[J 101-200

] 200

4. Please select historically the number or AE schools that you currently recruit from:
0o

01

2

3

(14

5
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6

7

8

9

[J 10

[] Other (please specify)

5. Which of the following best describes the attitude towards BIM at your company?
[J We have used it but decided not to use it anymore

[ We have not used it and have no interest in using it

[J We have not used it but are open to exploring its potential value for us

[J We have not used it and believe it will be valuable for us but have not begun evaluating it
[J We have not used it but are actively evaluating it

6. Does your firm currently incorporate BIM software as a method of project delivery?
[ Yes

[J No

O I don’t know

What year did BIM project delivery become part of your corporation?

(] Earlier than 2001

1 2002-2003

] 2004-2005

] 2006-2007

] 2008-2009

[]2010

[J We have not yet used BIM

(] Never

What percentage of your company’s projects did you use BIM in 2009 to present?

(1 0%

0 1%-15%

0 15%-30%

[ 30%-60%

[] More than 60%

What percentage of your company’s project do you expect will be using BIM 2 years from now?
0 0%

0 1%-15%

[J 15%-30%

[ 30%-60%

] More than 60%

Does your firm currently outsource user training related to a BIM software?

[ Yes, (please specify how many employees , when and which BIM software)

(] No

What are the approximate hours of training per employee? (Either in-house or outsourced)
[J 0 hours

(1 1 hour

[ % day

[J 1 day

[J 2 days

[J 3 days

(11 week
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[] Other (please specify)

Which BIM software does your company own and operate most often on projects?

[ Autodesk Architectural Desktop (ADT)

[ Autodesk Building Systems (ABS)

[ Autodesk Revit Architecture

[ Autodesk Revit Structures

[] Autodesk Revit MEP

[J ArchiCAD

[ Bentley Microstation

[ Bentley Architecture

U Graphisoft ArchiCAD

[] Nemetschek Vectorworks

What is the highest level of BIM currently been executed by your firm? (Check all that apply)
[J We do not mention BIM in any of our marketing

[J We mention BIM in our marketing, have the capability but have yet to execute a project
in BIM

[] We have utilized BIM on past projects and do not plan to continue in the future

[] We are utilizing BIM on a few projects and plan to continue when the project lends itself
[] We are utilizing BIM on a majority of our projects.

[] We have infused BIM projects our core business and marketing strategies.

[] We only utilize BIM on our projects.

[] Other (please specify)

If they check box 4,5,6,7,8 of above question, then ask: Please choose areas where BIM
is being utilized: (Choose all that apply)

[] 4D scheduling / Productivity

[] Optimization

[J Cost Control / Estimating

[] Constructability / Interference Checks

[ Engineering Calculations (ductwork sizing, pipe sizing, structural member

sizing....)

[] Visualization / Renderings / Marketing Aspects

[] Sustainability / Energy Modeling

[J Commissioning

(] Facility Management / Operation & Maintenance Scheduling

[ Site Planning

[ Risk Mitigation

[ Interoperability with other software packages

-ORIf

they checked box 1,2,3 of above question, then ask: Please rate the importance of
each of the following reasons for not implementing BIM at your company. Using a scale
of 1to 5, with 1 being no influence and 5 being the greatest influence on your decision
to not use BIM.

[] Not enough demand from clients and/or other firms on projects

[] Haven't had sufficient time to evaluate it

] Software is too expensive

[J Functionality doesn’t apply well enough to what we do

] Requires hardware upgrades that are too expensive

U Insufficient BIM-compatible content available for my needs
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[J Software too difficult to use

[] Poor interoperability with CAD applications

[] Concerns about insurance/liability

[] We believe the current methods we use are better

[] Finding or training skilled engineers and designers to use the software

effectively

[] Other (please specify)

7. Evaluate the importance of the following issues related to BIM at your firm:

Scale: None, Low, Average, High, Critical

[] Interns/new college graduates with core design fundamental engineering skills

U Interns with complimenting BIM skills

U New graduates with complimenting BIM skills

U Interns or graduates with energy modeling skills utilizing BIM

[ Sustainable design concepts on projects

[] Employee’s becoming Accredited Professional - LEED

(] Employee’s becoming Accredited Professional —ASHRAE’s High Performance Building Design
Professional (HBDP)

(] Employee’s who are skilled in visual conceptualization of building integration techniques

[J Understanding of and skills to execute “Lean design/construction”

[] Employees who have participated in one or more computer-based instruction courses

[] Employees who have participated in one or more self paced distance-learning courses

8. Determine the level at which you agree with the following statement? “2D CAD is very inefficient
compared to a true BIM workflow.”

[] Strongly Agree

(] Agree

[ Neither agree nor disagree

(] Disagree

] Strongly Disagree

9. How important do you believe BIM will be to the AEC industry in 5 years?

0 No importance

[J Low importance

[J Moderate importance

U High importance

U Very high importance

10. Determine the level at which you agree with the following statement? “An adoption of BIM
technology education as a core AE curriculum component, would likely lead our company to offer higher
hourly wages or salaried positions to those students with BIM skills vs. those who do not have BIM skills
in the next 5 years?”

[] Strongly Agree

(] Agree

[] Neither agree nor disagree

] Disagree

] Strongly Disagree

If “Agree or Strongly Agree” above, ask “What percent “higher” salary would your firm consider
offering, all other selection criteria being equal?”

0%

] 1-3%

0 4-6%
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[ 7-9%

[110-13%

[ 14%+

11. Determine the level at which you agree with the following statement? “Do you believe that the
level of technology education at the institutions from which you recruit, adequately prepares those
potential employees for positions at your firm?”

[] Strongly Agree

(] Agree

[ Neither agree nor disagree

[ Disagree

[ Strongly Disagree

12 . Determine the level at which you agree with the following statement? “Do you believe the use of
BIM design and document delivery in the marketplace will continue to increase?”

[ Strongly Agree

L] Agree

[ Neither agree nor disagree

(] Disagree

[ Strongly Disagree

13. Determine the level at which you agree with the following statement? “BIM will surpass AutoCAD
2D in the next generation and become the primary form of document delivery for the AEC industry as a
whole?”

[] Strongly Agree

(] Agree

[ Neither agree nor disagree

(] Disagree

(] Strongly Disagree

If “Strongly Agree or Agree” is selected, ask

“When do you foresee BIM surpassing AutoCAD 2D.

U It already has occurred

[l 1year

[1 2 years

[1 3 years

[l 4 years

(1 5years

(] 6 years

[1 7 years

(] 8 years

(] 9 years

(] 10 year

[] More than 10 years (please specify)

14. Our firm regularly utilizes these software programs during the design process: (Check all that apply)
[] Autodesk AutoCAD (plain)

[ Autodesk Architectural Desktop (ADT)

[ Autodesk Building Systems (ABS)

[] Autodesk Revit

[] Autodesk Navisworks

[J ArchiCAD

[ Bentley Microstation
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[] Bentley Architecture

[] Graphisoft ArchiCAD

[] Nemetschek Vectorworks

(] Google Sketch-Up

(] Adobe Pro

[ Adobe Illustrator

[J Adobe Photoshop

(1 RISA 3D

[ AGi32

U Visual Professional

[l Trane Trace 700

[l eQuest

[] Other (please specify)

15. Does your firm utilize AutoCAD 2D for project delivery?

[l Yes

[l No

(If yes, gate to question below)

(If no, gate to question 16)

Which employees utilize AutoCAD more than 50% of their regular workday? (Choose all that
apply)

(] Technical draftsman/designers

[] Engineer in Training (EIT) (recent graduates)

(] Project Engineers

[l Project Managers

[] Marketing

Does your firm currently outsource user training related to AutoCAD software?
[ Yes, (please specify how many employees, and when)

[l No

What year did AutoCAD project delivery become part of your corporation?
[ Earlier than 1980

[11980-1990

[11990-2000

[J 2000-Present

[J We intend to but are waiting for the right prototype project

[l Never

(continue to question 16)

16. What form of graphical document delivery does your firm primarily use instead of AutoCAD?
[ (Text Box)

17. In your opinion, at which point in an AE undergraduate curriculum should a BIM introductory course
be taught?

[] Freshman

[] Sophomore

[l Junior

[l Senior

(] Super Senior (For 5 Year Programs)

[ Anytime during underclassman career (Fresh/Soph)

[J Anytime during upperclassman career (Jr/Sr/SSr)

U Not restricted as to when students complete course work
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[] 1 do not have an opinion
18. In your opinion, what other courses might AE undergraduate curriculums use as vehicles to enhance
BIM skills with class projects and assignments?
[ Introductory structural design courses
[J Advanced structural design courses
[J Introductory M/E/P/FP design courses
[] Advanced M/E/P/FP design courses
[] Advanced topics in BIM
[ Energy modeling courses
[ Sustainability courses
[J Estimating courses
[ Construction Scheduling courses
[] No Others
[] Other (Text Box)
19. What BIM skills specifically would you like to see when hiring a new intern or new college graduate
from an AE program?
] Text Box
20. Please include any additional comments regarding BIM technology? And BIM technology in
undergraduate AE curriculum? Etc....
] Text Box
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Appendix B - Raw Employer Survey Data

G2 Headquarter locations: 44.44% from KS
Heaoguarter in kienasha Wi - 15 0Sces, M iargest i3 in Leneva KE {my ofmce)
LamrEnce, KB
Litiiz FeDck, Artarsas
Eouth Bend, indiana
Madisan, Wi
Chicago, IL
Ban Joz, TA
Houston, TX
Howston, TX
Lenexs, K2 wiih branch oMces in Fhosniy, Las Vegss, Tampa, Datss, Housion and Lowsd
4304 Bell Sreet Kansas CRy, Mo 54111
Cmana, NE
930 Central Kansas City, MO 62105
Lawrence, Kans=ss
Topeka, K3
Demver
Wichita, Kansas
B335 Lenen Drive Lenexs, K3 65052
T: Bize of company [total employees in all locabomns])
1 1-50 3E.69%
2 51-100 5.55%
3 101-200 22.22%|
4 201-300 5.56%
5 301-400 0.00%
& 404-500 11.11%
7 S01-1000 5.55%
5 1001-2000 5.55%
3 2000+ 5.56%/
34: From the drop down list sedect the reported revenue received for design purposes MhcGrawHI Surey
1 <§500,000 555,
2 FS00K-FEMR 33.33%
3 FEM -E10ME 22.22%|
4 §10MI-EZSME 5.55% |5 10M+
S S2SMISE100ME 2223%
& §100ME-5S00MH 0.00%
7 SS0OME-51E4 0.00%
5 1E0+ D.00%/
m: ‘Tears of experienca:
Gl T
1120 2 TER
2130 3333
31 11.11%
T Please select roughly the current number of AE educated gra you have working for your firm.
110 23 33%
1125 44 44%
=0 11.11%
5475 000
76100 5565
104-z00 5.55%
200+ 01.005%
mm schools that you currently recruit from:
] I
1 0005
2 1EET%
3 22 7%
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4 22.22%
5+ 38.89%
‘Which of the following best describes the attitude towards BIM at your company?
TWe have uced It Bt declded not o use I anymare 0.00%
[e have not used it and have no interest in using it e 0.00%
We have not used it but are open to exploring its potential value for us 0.00%
We have not used it and believe it will be valuable for us but have not began evaluating it 0.00%
We have not used it but are actively evaluating i MA1%
We are using BIM on certain prejects of scale/complexity 66.67%
\We are using BIM on all our project delivery 5 56%
Q13: Does your firm currently incorporate BIM software as a method of project delivery?
YES 61%
NO _ 28%
Q14: From the drop down list select which year BIM project delivery became a part of your corporation
Earier than 2001 %
2002-2003 11%
2004-2005 17%
2008-2007 1%
2008-2008 39%
2010+ 0%
We have nat yet used BIM 0%
Mever — 0%
Q15: How much money does your company invest in BIM each year?
$0-510K 1%
$10-550K 17%
$50-5100K 22%
$100K-5300K 6%
$300K-5500K 0%
$500K+ 0%
Q16: What percentage of your company's projects did you use BIM in 2009 to present?
T 0% %
n 1%15% 28%
n o 15%-30% 1%
n 30%-60% 22%
M More than 60% 11%
Q17: What percentage of your company's projects do you expect will be using BIM 2 years from now?
T 0%
n 1%15% 6%
N 15%-30% 6%
n 30%-60% 28%
| Morethan 60% 22%
Q18: Does your firm currently outsource user training related to a BIM software?
n Yes 5%
n  No 33%
Of yes's 4-5 employes per Drganiz_ation ‘were trained on Revit —
Q20: What are the approximate hours of training per employee? [Either in-h or outsourced)
m Ohours 0%
N 1hour 0%
N taday 0%
n lday 6%
N 2days 1%
N 3days 17%
M 1lweek 1%
Other 1%

40 when you account for our ongoing monthly inhouse seminars
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18%
51%

13%
30%

41%
20%
16%
21%

35%
2M1%
18%
27%



This varies em| e. Some ma 2-3 weeks a year and others may not be using it. will get none.

Q22: Which BIM software does your company own and operate most often on projects?

utodesk Architectural Desktop [ADT] %
1 Autodesk Building Systems [ABS) 1%
1 Autodesk Revit Architecture 0%
M Autodesk Revit Structures 1%
M Autodesk Revit MEP 50%
| Bentley Microstation 17%
1 Bentley Architecture 0%
M Graphisoft ArchiCAD 0%
M Nemetschek Vectorworks 0%
023 What is the highest level of BIM currently been executed by your firm? (Check all that apply)
We do not mention BIM in any of our marketing %
| ‘We mention BIM in our marketing, have the capability but have yet to execute a project in Bl 6%
1 We have utilized BIM on past projects and do not plan to continue in the futurn 0%
M We are utilizing BIM on a few projects and plan to continue when the project lends itsel 44%
M Weare utilizing BIM on a majority of our projects 0%
rl We have infused BIM projects our core business and marketing strategies 22%
1 We only utilize BIM on our projects 0%
1 Other [please specity) __ 0%

T
respondent was doing
6 of these items, the

Q24: Please choose areas where BIM Is being utilized: (Choose all that apply) least 0
T 4D scheduling/ Productivity 1%
" Optimization 6%
M CostControl / Estimating 6%
n Cnnﬂrnﬂa bllltv [/ Interference Checks 56%
M Eng k sizing, pipe sizing, | member sizing.... 17%
n s g Aspects A
n Sustimibdm' { Enargy MDdllIﬂ[ 17%
7l Commissioning 0%
m Facility /op &M hadul 0%
1 Site Planning 0%
r Risk Mitigation 0%
n bility with other softy package: 6%

@25 Please rate the Importance of each of the lollowing reasons for not Implementing BIM at your
company. Using a scale of 1 to 5, with 1 being no influence and 5 being the greatest influence on
yuur decision to not use BIM.

MeGrawHill - Percentage of 4 or 5

Rating

Not encugh demand from clients and/or other firms an project:
M Haven't had sufficient time to evaluate it
M Software ks too expensive
n Funmonaﬂt\r doesn’'t apply well enough to what we de
1 Requires h g that are too exp

| Insufficient BIM-compatible content available for my need:
N Software too difficult to use
T

1

Poar i bility with CAD appli
Concerns about insurance/liability
We believe the current methods we use are bette:
r  Finding or training skilled and d, to use the soft i b
Cther
Structurally the BIM aspect is minimal. We use Revit and we are ok with it as long as the architectural model is good. We can see

potential advantages and abiliies. We dont get paid for extra work

Percentage of 4 or 5 Rating
2%

6%
0%
6%
0%

Q27: Evaluate the Impeortance of the following Issues related to BIM at your firm: Scale: None, Low,
Average, High, Critical

T Interns/new college graduates with core design fundamantal anginearing skill:
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Percentage of High & Critical
k3

BT
48%
1%
5%
33%
32%
24%
22%
20%
18%
17%

0.0



Interns with complimanting BIM skill:

n
fl New graduates with complimenting BIM skillz 28%
M lInterns or graduates with energy modeling skills utilizing BIN 28%
1 Sustainable design concepts on projects 56%
| Employee’s becoming Accredited Professional - LEEC 44%
n Empk ‘s b A dited | ~ASHRAE's High Performance Building Design Professional (HBDP 17%
r  Employes’s who are skilled in visual i of building i C i 61%
M Understanding of and skills to execute “Lean design/construction’ 28%
M Employees who have participated in one or more computer-based instruction coursa: 44%
m  Employees who have participated in one or more self paced distance-learning course: 44%
BZ8.1; How Imporiant do you belleve BIM will be to the AEC Indusiry In 5 years?
High & Critical T8%
Average 11%
'd'ﬂ'?l' Determine the level al which you agree with 1he Tollowing stat i3 Percentage of High & Crifical
2D CAD is very inefficient compared to a true BIM workfiow. 2%
Do you believe that the level of ion at the institut from which you recruit, adequately prepares those
potential employees for positions in your firm? 1%

Do you believe the use of BIM design and delivery in the will continue to increase?

“this was 100% the
B82% rest were unrespon ded|

Q30: Determine level at which you agree with the following statement: "An adoption of BIM
technology education as a core AE curriculum component, would likely lead our company to offer

higher hourly wages or salaried posi to those | with BIM skills vs. those who do not

have BIM skills in the next 5 years. ' Percentage of Agree & Strongly Agree
T SO Agee T Towrs 35%
T Agrea 39%
Q31: What percent "higher' salary would your firm g, all other criteria equal?

T oR — i3
no 13% 7%
no46% 2%
n 7% 0%
o 10-13% 1%
o la%= 0%
Q32: Determine level at which you agree With the following statement: "BIM will surpass AutoCAD 2D

in the next generation and become the primary form of document delivery for the AEC industry as a

whole. '
“RGreE and SHongly Agree TER
Q33; When do you foresee BIM surpassing AWOCAD 207

Less than 5 years %
B+ years 22%
Q34: Our firm regularly utilizes these software programs during the design process: (Check all that

apply)

T Autodesk AUTGCAD |plain] TR
f Autodesk Architectural Desktop (ADT) 1%
nM Autodesk Building Systems (ABS) 11%
T Autodesk Revit 72%
M Autodesk Navisworks 17%
i ArchiCAD 0%
M Bantlay Microstation 17%
M Bentley Architacture 0%
M Graphisoft ArchiCAD 0%
M Nemetschek Vectorworks 0%
N Google Sketeh-Up 1%
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N Adobe Pro

N Adobe lllustrator
r  Adobe Photoshop
n  RISA3D

n  AGis2

M Wisual Professional
M Trane Trace 700

M eQuest

M Other (please specify)

SKM, EDR, ComCheck, Microsoft Excell, AutoCAD MEP

Microsoft Excel

Q@37: Does your firm utilize AutoCAD 2D for project dellvery:

Yes

No

NR

@38: Which employees utllize AutoCAD 2D more than 50% of thelr regular workday 7 (Choose all that

apply)

Technical drafisman fdesigners

Engineer in Traiing (EIT) (recent graduates)
Project Engineers

Project Managers

Marketing

NR
T30 What year did AutoCAD project delivery become part of your corporation?
Eardier than 1280

1980-1590

1950-2000

2000-Present

We intend to but are waiting for the right prototype project

MNever

NR

: Does your firm curre| outsource user training re! o Auto! B are

Yes

No

NR

All of our designers, engineers, and drafters receive outisde traming every two years at a min.

\We currently have 6 Techs. 2 have Revit training. Others have some training

G473 In your oplnlon, at which pelnt In an AE undergraduate curficulum should a BIM Introductory
course be taught?

Freshman

Sophomore

Juniar

Senior

Super Senior (for 5 year program)

Anytime during career (F

Anytime during upperclassman career (Ji/SHSSr)

Mot restricted as to when students complete course work

| do not have an opinion

NR

Q44: In your opinion, what other courses might AE undergraduate curriculums use as vehicles to
enhance BIM skills with class projects and assignments? (Check all that apply)

Introductory structural design courses
Advanced structural design courses
Introductory M/E/P/FP design courses
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25%
17%

6%
17%
39%
17%
1%
22%
1%

83%
0%
17%

17%
67%
17%

22%
4%
33%




Advanced M/E/P/FP design courses

Advanced topics in BIM

Energy Modeling courses

Sustainability courses

Estimating courses

Construction Schedule courses

Mo others

Ceher

NR

Lighting Design

For a typical structure you may get some advantage from having design info for say a bar joist. In most cases it just helps in
estimating which doesnt help us. Actual constr. prob wont match design.

T46: What BIM skills spechically would you ke 1o see when Riring new Intern or new college
graduate from an AE program?

Tieal project eXpenence. SIUGENTs woUID De provided a real project probiem n any gven MOusiry and show Now ey Uz any
given BIM software of there choice to solve the problem. Understanding of the program.

Actual practical application of BIM - not just an introductary course,

We would lke for them to have a basic understanding of the program. General farmiBarity with program navigation, load
calculations{MEP-5), and energy modeling are very desirable.

Working ge of the ts, at @ mini

Knowlege of BIM and its inner workings would be enough. Most training can be done on the job at this time. This may change
within the next year or two.

AL least, basic knowledge of how the software integrates with each of the MEP disciplines.

A good understanding of the software, both it's potential and it's Emitations, and the ability to visualize MEP designs in 3-
demensions while understanding the consiraints of the buildings.

Familiar with Revit MEP

Architectural Lighting Caleulations, power density,

Knowledge of what it will do is good because @ will open their eyes to the uses in the future. This is an added value to a project.
©On some jobs it is valuable on others it is not. Depends on the client and the building.

user interface and knowledge of MEP systems

We expect a AE graduate to understand how a building is constructed and how systems relate and interact to make a complete
facility. We do not expect the AE graduate to be a technician and ready to produce a drawing with a specific program - we will
train them to use the tool.

Basic drawing skills and conflict checking so they can hit the ground running. Wel take it from there and we don't want to overdo
It just make sure they have basic skills and can communicate about the saftware

7
It isn't as important that they have a huge knowlegde of BIM, just understand the basics of it.
ﬁz, F‘Qﬂﬁ! |nc1uae any aaaﬂ'lonai comments mgarah'lg E M WCEHOIOQY ﬂﬂa E‘M !a:ﬁndngy Iﬂ

undergraduate AE curriculum:

It is not a matter of if - its a matter of when. This will change the construction industry ke nothing else in the past 30 years.

It tock the department way too long to implement a requirement for CAD courses. [tis my recommendation that BIM be required
soon as that is what employers will expect. Similar to CAD, soon this will be an skill, not i ployers will want
to spend money on training.

None

none

It is a great idea to get students involved early. This would give the a greater potential in the work place upon graduation.
However, advanced knowlege will not be required until BIM supasses AutoCAD 2D.

BIM Technology will most likely be the preferred software platform going forward in the Canstruction industry; therefore it would be
in KSU's best interest to start i ion and ion of this ;

The buzz words in the industry today are BIM, IPD, and LEAM Construction. In reality those three processes are all going to
merge togetherto change the pe of AJEIC ips. BIM is only one component and is software
dependent more than the others. |PD and LEAN Construction are the two forces that will shape relationships and how firms work
together. Students need to understand these processes and have an open mind to changing how the industry works.

Use of BIM in completing Senior Design Projects

I think it would definitely be a positive for undergraduate cumiculum, Best to know basics and reasons for basic decisions.

The biggest is in estimating. It makes the job easier. The arch and eng now have to create the information
for takeofls. Structurally it could be beneficial because it could incorp design infs ian helpful for deling. Very useful
in a manufacturing plant. Mot so for a Quikirip. We all assume it helps reduce conflicts and catches mistakes but these buildings
are still bui by hand and don't match the drawings. The easier it becomes the more it will be used

Energy Modeling is the most important concept for future engineers.

Do not take away from core engineering shills to teach a technical skill. Use the BIM technology only to reinforce the engineering
skill.

We are willing to help with presenting our projects to the students

”

I think BIM is basically where we were with AutoCAD 20 years ago, although it will become more widely used at a faster pace.

Figure 9:1 Raw Employer Survey Results
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Appendix C - AE Educator Survey Questions

1. Please enter the following information about your Program/Degree.
Institution/College/University (Drop down list to include):

Cal Poly San Luis Obispo, Drexel University, Illinois Institute of Technology, Kansas State
University, Milwaukee School of Engineering, North Carolina A&T State College,
Oklahoma State University, Penn State University, Tennessee State, University of
Colorado, University of Kansas, University of Miami, Missouri University of Science and
Technology, University of Nebraska — Omaha, University of Oklahoma, University of
Texas, University of Wyoming, Other (please specify)

School/College (Drop down list to include):

College of Engineering, College of Architecture & Planning, College of Science &
Technology, Other (please specify)

Program (Drop down list to include):

Architectural Engineering, Other (please specify)

2. Please enter the following information about yourself:

First & Last Name:

Title:

Email (in order to receive complimentary copy of findings):

3. Please select the current enrollment of your AE undergraduate program:

[] 1-100 undergraduates

[] 101-200 undergraduates

[] 201-300 undergraduates

[ 301-400 undergraduates

(] 401-500 undergraduates

[J 501-600 undergraduates

(] 600+

[J Unknown

4. Please select the current enrollment of your AE graduate/PhD program:

[J 1-5 graduate students

[J 6-10 graduate students

[J 11-15 graduate students

[J 16-20 graduate students

[J 21-25 graduate students

[J 26-30 graduate students

[] 30+ graduate students (Please specify)

5. Please select the number of primarily hand drafting courses (or studios) required for undergraduate
graduation:

0o

01

2

3

04

(15

[] Other (please specify)

6. Please select the number of required of primarily computer aided drafting or building information
modeling courses required for undergraduate graduation:
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0o

01

2

3

(14

5

[] Other (please specify)

7. Evaluate the importance of the following issues related to BIM in your AE department:
Scale: None, Low, Average, High, Critical

BIM in Undergraduate Education

BIM in Graduate Education

BIM skill sets upon graduation from another source (Co-Op, Intern, Self Taught)

Integration of building design elements in Undergraduate Education (Structural,
Mechanical/Plumbing, Electrical/Lighting, Fire Protection, IT/Controls, Voice/Data)

Student preparation of core design fundamentals and skills for entering the AEC consulting
markets upon graduation

Sustainable Design Concepts

Student preparation for Accredited Professional - LEED

Student preparation for Accredited Professional —ASHRAE’s High Performance Building Design
Professional (HPBDP)

Lean design

Incorporating computer-based instruction into the curriculum in any format

Incorporating distance-learning into the curriculum

Incorporating hybrid (distance & face-to-face) learning environments into the curriculum

8. Determine the level at which you agree with the following statement? “2D CAD is very inefficient
compared to a true BIM workflow.”

(] Strongly Agree

L1 Agree

[ Neither agree nor disagree

[ Disagree

[ Strongly Disagree

9. Determine the level at which you agree with the following statement? “The adoption of BIM
technology education within my program has (or would) lead to greater pay (salary) for AE’s at all levels
within the profession?”

[ Strongly Agree

L] Agree

[ Neither agree nor disagree

] Disagree

[] Strongly Disagree

10. Determine the level at which you agree with the following statement? “Do you believe the use
technology education within your program adequately prepares your graduates for jobs in the
consulting/design industry?”

[] Strongly Agree

[ Agree

[ Neither agree nor disagree

] Disagree

(] Strongly Disagree

11 . Determine the level at which you agree with the following statement? “Do you believe the use of
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BIM in the marketplace will continue to increase? Eventually becoming the primary form of document
delivery for Architects/Engineers/Contractors?”

[] Strongly Agree

[] Agree

[ Neither agree nor disagree

[] Disagree

] Strongly Disagree

12. Our college or department computer lab(s) have these software’s available to students: (Check all
that apply)

[ Autodesk AutoCAD (plain)

[ Autodesk Architectural Desktop (ADT)

[ Autodesk Building Systems (ABS)

[ Autodesk Revit

[ Autodesk Navisworks

U ArchiCAD

[ Bentley Microstation

[ Bentley Architecture

[] Graphisoft ArchiCAD

[] Nemetschek Vectorworks

[] Google Sketch-Up

(] Adobe Pro

[ Adobe lllustrator

[1 Adobe Photoshop

(1 RISA 3D

(1 AGi32

[] Visual Basic or Visual Professional

(] Trane Trace 700

[l eQuest

[] Other (please specify)

13. Does your AE program require a BIM introductory course for undergraduate graduation?
[l Yes, (please specify title of course)

[l No

(If yes, gate to question 14a — 14f)

(If no, gate to question 14g)

14a. Which BIM software is taught in the introductory course?
[] Autodesk Architectural Desktop (ADT)

[] Autodesk Building Systems (ABS)

[ Autodesk Revit Architecture

[ Autodesk Revit Structures

[ Autodesk Revit MEP

[ ArchiCAD

[] Bentley Microstation

[] Bentley Architecture

[ Graphisoft ArchiCAD

[] Nemetschek Vectorworks

14b. At which point in the undergraduate curriculum is a BIM introductory course taught?
[J Freshman

[J Sophomore
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(] Junior

] Senior

[] Super Senior (For 5 Year Programs)

[ Anytime during underclassman career (Fresh/Soph)

[J Anytime during upperclassman career (Jr/Sr/SSr)

[J Not restricted as to when students complete course work

14c. AE there additional courses that utilize (or extend) BIM education in the classroom?

[] Yes (please specify title(s) of course(s))

(1 No

14d. What year did BIM course(s) become part of your required or elective course offering(s)?
[ Earlier than 2000

[12000-2002

[12003-2005

[J 2006-2009

0J 2010

14e. Do you currently offer any of your BIM course(s) thru distance education?

(] Yes (please specify title(s) of course(s))
[l No

If yes, do you offer any of your BIM course(s) thru distance education for continuing education or
professional development hours required for licensure?

[] Yes (please specify title(s) of course(s))

[J No

14f. Does your program encourage(through course credit or individual/team efforts) participation in
any student competitions that reinforce BIM technology?

] Reno BIM Competition for Construction Management

[J ASC Construction Management Competition — Commercial Team

[J Revit Architecture Contest (TurboSquid.com)

[J ASCE — Charles Pankow Foundation Annual Architectural Engineering Student Competition

[J ASHRAE Student Design Competition

[] SEI/ASCE Student Structural Design Competition

[] Other (please specify title(s) of competitions.

[l No

14g. Does your AE program offer a BIM introductory course as an elective for undergraduate graduate
credit?

[l Yes, (please specify title of course)

[l No

[ (If yes, gate to questions 14a-14f, 15,16...)

[ (If not, gate to question 17)

15. Does your program offer a Bachelor of Science with an emphasis or minor in BIM?

[ Yes, (please specify)

[J No

(] 1 don’t know

16. Does your program offer a Master of Science or an Engineering PhD in BIM or BIM research?
] Yes, (please specify)

(] No

[ I'don’t know

17. What level of BIM education is currently being expressed in other courses? (Check all that apply)
[J We do not mention BIM in any of our courses, seminars or course concepts
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[J We mention BIM in our courses conceptually

[] We bring in industry seminar speakers to discuss BIM concepts and execution on projects

[] We AE teaching a BIM introductory course.

[] We AE teaching Advanced BIM courses.

[] We have infused BIM projects into 1 or more traditional core concept courses.

[J We have infused BIM projects into 1 or more design courses.

[J We offer Topics or Project courses in BIM specific research projects or application projects for
individuals who wish to advance BIM coursework beyond current course offerings.

[] Other (please specify)

If they check box 5,6,7,8 of above question 17, then ask: Please choose areas where BIM is being
taught/evaluated.

[1 4D scheduling / Productivity

[J Optimization

[] Cost Control / Estimating

[] Constructability / Interference Checks

[] Engineering Calculations (ductwork sizing, pipe sizing, structural member sizing....)

(] Visualization / Renderings / Marketing Aspects

[] Sustainability / Energy Modeling

(] Commissioning

[J Facility Management / Operation & Maintenance Scheduling

[] Site Planning

[] Risk Mitigation

] Interoperability with other software packages

If they checked box 1,2,3 of above question 11, then ask: Why, in your opinion, the lack of BIM
course(s) into your program’s instructional curriculum is due to: (Check all that apply)

] Funding for training or procuring a faculty member to teach BIM course(s)

[J Funding for computer laboratories with required hardware

U Funding to purchase BIM software for campus computer laboratories

[1 Deemed high importance by faculty. But lack of multiple faculty’s experience/training on
BIM and the ways best to incorporate BIM into the classroom stall efforts to properly
implement BIM projects and assignments

[J Deemed low importance by faculty

[] Deemed low importance by advisory council and/or employers of your graduates

[J None of the above

[] Other (please specify)

18. Does your AE program require a AutoCAD introductory course for undergraduate graduation?
[ Yes, (please specify title of course)

(1 No

(If yes, gate to question 19a — 19d)

(If no, gate to question 19e)

19a. At which point in the undergraduate curriculum is a AutoCAD introductory course taught?
[J Freshman

[] Sophomore

(1 Junior

] Senior

(] Super Senior (For 5 Year Programs)

[ Anytime during underclassman career (Fresh/Soph)

(] Anytime during upperclassman career (Jr/Sr/SSr)

66



[] Not restricted as to when students complete course work

19b. AE there additional courses that utilize (or extend) AutoCAD education in the classroom?

[] Yes (please specify title(s) of course(s))

(] No

19c. What year did AutoCAD course(s) become part of your required or elective course offering(s)?

[ 1990-1995

] 1996-2000

] 2001-2005

[12006-2010

(] I’'m unsure

19d. Do you currently offer any of your AutoCAD course(s) thru distance education?

[] Yes (please specify title(s) of course(s))

[J No

19e. Does your AE program offer an AutoCAD introductory course as an elective for undergraduate

graduate credit?

[ Yes, (please specify title of course)

[J No

[ (If yes, gate to questions 17a-17d)

] (If not, gate to question 20)

20. Please include any further information on where your program stands regarding BIM education.

Feel free to include hyperlinks to websites, syllabuses, etc...

21. Please include your own perspective of administrative support and advancement of BIM education

in your curriculum over the next 1, 5 and 10 years?

22. Please include any additional comments/concerns regarding BIM technology in AE education
curriculums that you might wish to share.

67



Appendix D - Raw AE Educator Survey Data

[First & Last Name, Title, Email

j08: Current enroliment of your AE
Jundereraduate program:

l0s: Primarily hand drafting
leourses [or studios) required far
lundergraduate graduation:

JQ10- Please select the current
Jenraliment of your AE
leraduats/PhD program:

Q11 number of required of primarily [CAD)
l2nd/for (8IM] courses required for
Jundereraduats graduation:

012.1: 8IM in

Jundergradusts Education

012 2: BIM in Graduate
[Education

l1shn Messner Assaciate Professor of Architectural Enginesring jmessner@engr psu.sdu 100-200 undergraduatss 23%|0- 23% 0-5:23% o: 8% None: 8% None: 15%
Richard £ Kiingner LP Gilvin Professor Klingner@mail utexas edu 201300 31%)1- 545 5-10:0 1:38% Low: 03
l1ann Silverstein Prafessor and Chair joann silverstein@colorzdo.edu 301-400 undergraduatss 39%|2 - 15% 11-15: 31% 2:38% |Average: 23% |Average: 31%
Reiph Mushlsisen Assistant Professor, Dirscter of the Architectura| Engineering Program
mushleisen@iit edu 201500 8% [3- 8% 26-30: 15% 3 8% High: 385 High: 23%
llames E. Mitchell - Associate Professor & Diractor of the AE Program Dspartment of Civil,
|architectural & Envircnmental Enginesring Alumni Enginzering Labs - Room 280H Drexel University
3141 Chestnut Street Philadelphiz, PA 19104 (215) 8951374 - (215) 895-1363 Fax EMail
lrames.h edu Web: hitp://www.p2ges.drexel.edu/~mitchejefindex.shtml Calendar:
yurl.com/yrf2uc Google Map to Office: hitp:/ ftinyurl com/2pady Map in Building
http: /tinyurl.com/3be5h7 30+ :31% 4: 8% Critical: 31% Critical: 15%

Robert ] Holland Assac Prof of Architecture and Architectursl Engineering RIHolland@psu.edu

David Fritcnen Dept Head dfritch@ksu.edu

|al Estes Professor and Head acestes@calpoly edu

|Stuart Baur Asst. Professor baur@mst.edu

[ihn Zachar Program Director zachar@msoe.edu

David Bagley Professor and Hasd bagley@uwys adu

Kevin Dang kdong@cslpoly.edu

Clzrenc: aters Ph.D,, P.E, F.AEL Dirsctor of Architsctural Enginesring CWaters@UNLEDU

1212 3: BIM skill sets upon graduation
ram another saurce (Co-Op, Intern, Seif|

(212 4: Integration of building design elements in Undergraduate
[Education (Structural, Mechanical/Plumbing, Electrical/Lighting, Fire

lentering the AEC (Arc!

1012 5: Student preparation of core design fundamentals and ski

o
Engineering/Construction] cansuiting market)

012 &: Sustainable Design

ja12.7: Student preparation for

ja12 8: Student preparation for Accredited
[Professional ASHRAES High Performance

Q12 3: Lean design 2nd
ion

[Taught) Protection, IT/Cantrols, Vaice/Data) Jupon zraduation jconcaots Jpcers: 2l - LEED _|[Building Design Prafessianal (HPBDP) constru
None: 0% None: 0% None: 0% Mone: 0% Mone: 8% Mone: 8% Hone: 0%
Low: 0% Low Low: 0% Low: 315 Low: 39%

|average: 65% |average: 15%

|pverage: 0%

|Average: 15%

|Average: 62%

|Average: 54%

Average: 31%

High: 315%

High 265

High: 315

High: 5%

High: 315

Critical: 0% Critical: 62%

Critical: 63%

Critical: 31%

Critical: 0%

Critical; 0%

Crititcal: 0%
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1212.10: Incarporating computer-
lbased instruction into the
lcurriculum in any format

Q12111 distance-

jQ12.12: Incorporating hybrid {distance &

learning inta the curriculum

} learring ents into

he curriculum

IQ12: 2D CAD is very insfficient
lcompared to 2 trus BIM workfiow
software in design

JQL4: The adoption of BIM technology education within my
[epartment's AZ program has (or would) lead to 2 higher sslzry
Joffer for our AE graduates entering the job market?

Q15: Do you believe the education and use of computer technalogy within
our program Jum adequately prepares your graduat:
he ign industry?

far jobs in

None: 0% None: 0% None: 23% [strongly Agree: 315% Strongly Agres: 15% strongly Agree: 235%
Low: 8% Low: 46% Low: 463 |agres: 235 |Agree: 263 |agree: 545

|average: 383 Average: 23% |Average: 155 Neither: 38% Meither: 23% Neither: 23%

Hign: 285 Hign: 8% Disagree: 8% Diszgrae: 85

Critical: 15% Critical: 0% Critical: 058 [strongly Disagree: 0% |strongly Disagree: 0% fstrongly Disagree: 0%

Unzble to farm Opinion: 8%

Unzble to form Opinian: 0%
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1Q16: Do you believe the use of BIM in the marketplace will continue tof
increzse? Eventuzlly becoming the primary form of document deliven
for Architects/Engineers/Contractors?

jgepartment computer Iab|

) (Select all that appl

jQ17. Softwars(s) that you make available to your students |

Iy}

Q19: Does your AE program require a BIM
introductory course for undergraduats
|erdustion?

la20- Which BIM softwara is
lprimarily tavgnt in the
jintroductory course?

121: At which point in the
lundergraduste curriculum is 2 BIM
ntraductory course taught?

022 Are there other AE courses that utilize (or extend) BIM education i
he classroom? Please explsin / list class =x. "ARE 780 - Senior Project’ or
J==ve blank if there are none_

W are siming to embed BIN throughout courses, instead of having
specific BIM courses. For example, when teaching construction
scheduling, we teach studants how to create 40 CAD modsls. | found it
bit difficult to answer question 16 and 17 since we teach students how 1
use Revit in their sophmore year, but this is nat specifically 3 BIM course]

[strongly Agree: 85% |Autodesk AutoCAD [plain] 100%|Yes - 62% |Autodesk Rewit Architecture: 46% |Freshman: 15% since BIM is not equal to Revit.
|agre 40T 54%| No- 38% |Autodesk Revit Structurs: 15% _ [Sophomore: 28% |ArE320L (junior year design studic) ArE 465 [ssnior year capstons cours:
Neither: 036 |a8s 38%| N/R: 385% Jrunior: 0%
[We teach Autocad freshman year but students learn BIM within our two
courss Architactural Design sequence CAE 468 and 463, The amaunt of
BIM is sbout 1 course worth of material. Both 468 2nd 469 are required
ffor gradustion. Most students use BN in their czpstone desizn course
2nd students frequency use itin projects in their other senior design
Disagree: 03 |Autodesk Revit Architecture 925| [senior 5% courses
[strongly Disagres: 0% |Autodesk Revit 6%
Unable to form Opinion: 0% |Autodesk Revit Structura; 775%|

|Autodesk Naviswaorks 23%|
[All design Iabs [ARCE 731/452/451]372 Interdisciplinary Capstane Courd

|archicaD 5% |4RCE 415

23%|
[When have an intro BIM class in the Freshman year and = refresher clas|
prep for Senior Project, where we expect BIM to be

Bently Architecturs 8%

Graphisoft ArchiCAD 0% |ARE 3500 - Architectural Design | ARE 4600 - Architectural Design Il
|ARCE 372: Steel Lab, ARCE 451: Timber Lab, ARCE 452: Concrate Lab.
|Students create structural documents such as framing plns, elevations,
2nd connection detls. Students use Revit to produce the model and
documentation  ARCE 410: Integrated Building Envelapes; ARCE
460/ ARCE 453: Collzborative Design Studio. Students work in multi-

Memetsheck Vectorwarks 0% disciplinary teams and share information using 2 digital mode!

Google Sketch-UP 6254| Intezrated in many courses

Google Sketch-UP PRO 5%

[Adobe Pro %

|Adobe llustrator 38%|

|Adobe Phatoshop 26%|

Ris= 30 B

[AGi32 385%|

[Visual Basic/Professional 3%

[Trane Trace 700 46%|

=Quest 625%|

Frimavers 54%|

Other 315

FHAN:

[~ Perfarm 3D: Matlzb: ETABS

|- Energy-10 Mztiab Maple S2p RAM +

[-Visual Analysis for Structural design
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j024: Do you currantly offer any of your BIM cours(s) thru distance education? Plasse fist
(Q23: What year did BIM course(s)  [course information, credit hours, stc..If yes, do you also offer any of your BIM course(s) | Q25.Does your program encursge (through course credit]
lbecome part of your required or hrough distance education for continuing education credits or professional development | participation in 2ny student competitions that reinforce the use of |\027: Doss your AE program offer 2 BIM course a5 (|Q28: Which BIM softwars s rimarily taught ir
I offering{s)? Jhours required for licensing?&nbsp; If yes, pleass explain. JBiM technology? j2n elective for undergraduate credit? he slective introductory course?

2002-2005: 15% No Reno BIM comp. 056 [ves: 21% |Autodesk Revit Architecturs: 23%
2005-2003: 46% asc No: 8% |autodesk Revit Structures: 8%
N/R: 385 Revit Arch 056 |N/R: 6256 /e 533

ASCE - Charles Pankow._student comp 31%|

|ASHRAE Student Design Comp 235%|

| SEI/ASCE Student Structural Design Comp 8%

Other 23%|

MNone 15%)

/R 28%)

Other

- Solar Decathlon

- AISC/ACSA Steel Comp

- IESNA Howard Brandston Student Lighting Edu Grant

1229: At which paint in the undergraduate curriculum is a
[BIM elective introductory course taught?

030 Are there other AE courses that utilize for
fextend)
Jexplzin or leave blank if thers are nons

IM education in the classroom? Please

jelective course offering(s)?

IQ31: What year did BIM coursels) become part of youl

1Q22: Do you currently offer any of your BIM course(s) thru distance education?&nbsp; Pleasq
list course information, credit haurs, etc_ I yes, do you also offer any of your BIM course(s)

I033 Does your program encourage (through course

fthrouzgh distance education for continuing education credits or p
|hours required for licensingBnbsp; If yes, please explain

Jeracit in any student competitions that

finforce the use of BIM technolazy?

|senior: 238

2003-2005: 8%

CNS544 Prb/Canst Science - Topic-Building Information Modeling (2
|science - Topic-Intra to Revit (2 cr hr)

hr} CNS544 Pro/Canst)

Reno BIM comp.

Not restricted: 8% 2006-2003: 23% |asc
N/R: 695 N/R: 595 Revit Arch

|ASCE - Charles Pankow...student comp

| intended ta introduce BIM tools in a required
sophamare courss this spring.

|ASHRAE Student Design Comp

ves, ath year architectural design

|SEI/ASCE Student Structural Design Comp

Other

None

N/R
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(225: Doss your program offer an emphasis
jor minor in BIM?

025 Doss your program offer 2 Master of Science o
Enginzering PhD in 8IM or BIM research?

other courses?

027.What level of BIM education is currently being sxpressed in

lcurrently being expressed in your courses?

(038: Plesse explzin what ‘ather’ level of BIM educstion is

|03 Areas where BIM is being taught/evalusted

NO: 100%

W da not mention BIM in our courses, materizls,

ves 233 seminars or course concepts 0% [We use BIM in our senior-year capstone design course 4D Scheduling/Productivity 235%|
[students may pursue BIM related projects as part of their gradusf
o: 77% [We mention BIM in our courses conceptually 465 [project/thesis Optimization 8%

W bringin industry seminar speskers to discus

exempoles of BIM execution on projects 54%|BIM is communication tool not 2 subject Cost Control/ Estimsting 31%|

[We sre tasching BIM into courses 77| Constructability/ Interference Chacks 31%|
Enginzering Calculations (ductwork
sizing, pipe sizing, structursl members

[We 2r= t=zching BIM advancec courses 23%| sizing. | 31%|
|Visualization / Renderings | Marketing

[We have infused BIM projects into 1 or mare tradition: 45%| |Aspects 625|

[We have infused 8IM projects into 1 or more design ¢ 545 |Sustainability / Energy Modeling 545|

[We offere Topics or Project courses in BIM research pif 15% Commissioning 0%
Facility Manazzment / Opzration &

Other 23%| Maintenance Scheduling 5%
Site Planning 38%|
Risk Mitiga %
Interoperability with ather software
packazes 38%|
Nons of the sbove %
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jcurriculum Is due to:

(040.The Iack of BIM coursels) In your program's instructiona!

042: Does your AE program require a AutoCAD introductory course

te graduation?

I043: At which paint in the undergraduste curriculum is &
AutoCAD introductory course taught?

Q44 Are there additional courses that utilize [or extend)
[4utaCAD education in the classroom? fyes, please specify
itle(s) of courses.

045: To the best of your knowledge, what year
fiid AutoCAD course(s) become part of your
required course offaring(s}?

Funding for training or pracuring 2 faculty member to
[rch BIM course(s)

5

4

Freshman - 31%

Befors 1930 23%

Funding for computer Iaboratories with required

hardware 153[No- 3156 |soshomore - 3156 |ArE 350 (advanced CAD) 1590-1995- 1%

Funding to purchase BIM softwars for campus compurs|

Izboratories 0% |anytime during upperciassman career - 8% Most courses with projects. Senior design projects course. 19962000~ 15%

Deemed high importance by faculty. But lack of muttipl

[Faculty’s experience/training on BIM 2nd the ways best Markup and development of design drawings with Autocad d

Ito incarparate BIM inta the classroom stall efforts to BIM is required in all our senior level design courses. Some

property implement BIM projects and assignments 31%) N/R - 315% use Autocad and some use BIM 20012005 - o%

D2emed low impartance by faculty 15% 2005-2010- 8%

Deemed low impartance by advisory coundil and/or

emplayers of your gradustes 0% Unsursdate - 2%

None o the above % |ARE211-CAD in Engineering 2nd Construction (2 cr hr.) N/R- 315
[S2me 2s BIM_we are in  transition between AutoCad and

/R 335) REVIT structure

Nt any more.

In upper division lab/studio courses students are given the
aption of using AutoCAD or Revit to complete their work
Most students use Revit since that is the software being use
in the second of two building information type classes
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(462 Da you currently offer any of your AutaCAD
lcoursels] thru distance education? If yas, please spaci|

I247: Does your AE program offer a AutoCAD
[mtroductary course as an slective for undergraduatd

Q46: At which paint in the undergraduste
curriculum is a AutoCAD introductory ehective

(250: Ta the best of your knowledge, what year did
wtaCAD course(s) become part of your slective course

itle(s) of course(s). Jpraduste credit? course taught? jofferingls]?
|Ves - 0% N/R 100% N/R 100%
No. No - 31%
N/R 595
N

CNS544-Prb/Construction Science/Revit

No.

No, we do nat offer any AutoCAD courses thru distance|
education
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(s2: Plesse include 2ny further information on where your program stands ragarding BIM education. Feel fres to i
jebsites, syllabuses,white papers, etc_

lude hyperlinks to

053: Plesse include your own perspective of dministrative support 2nd sdvancement of BINM educ
[program over the next 1, 5 and 10 yezr periods?

ion at your

[We are implemanting several experimental courses at this time to encourage callaboration with BIM as an enabling platform. One is 2 BIN
Design Studio course which s offered across AE, Architecture and Landscape Architecture. Anather is 3 team senior design project course
[where w tezm 2 structurs, construction, lighting/electrical, and mechanica| student together to 2nalyze 2 building and make recommend
improvements bsed on analysis through BIM spplications and workflows.

[We have strong support for BIM initiatives. Having ressarch sponsers and strong industry advocates has been valuable in gainin|
Jthis support. The largest challenge s the training of faculty in interoperability issuss. Most faculty are experts in their defined
=nziytical tools, but the integration of the tools is where we encounter the challenges. We did start 3 BIM Wiki at
bim.wikispaces.com to 2im to capturs relevant knowledgs for our students, but this is challenging to upkesg.

[We sre developing gradusts BIM eourses based on scripting

| believe that our administration racognizes the potantial benefits of BIM, and sees it as a potential integrative elemant in
undergraduate and graduste ArE curricula. Unfartunately, the current econamic situation and decreasing availability of funds
universities in gznersl make it likely that significant new funding will not be invested in revamping undargraduzte curricula 2rou|
Bin

|We have incorporated BIM as a major part of our Senior level architectural design/studio courses and encourage its use in our design
engineering courses. Most students use BIM, at least in part, during their design capstone.  We are not using BIM with structural design |

2nd BIM courses offered by the College of Architecture as technical electives. Graduate students do this more than the undergrads.

it is rarely used with anargy modeling but we would like to update our courses.  Students have the opportunity to take additional Autocadfany faculty with BIM training 2s regular faculty. Some of our adjunct

Our university has 2n Autodesk comprehensive licenses so we have access to all the Revit products, but many computer labs ar

not capable of really running it. We need to get faster computers with mare memory to make it more available. We do not haf
professors are mors proficient and thay are the ones who

doing the training. We are planning on starting to incorporate it in our CEM courses with 2 new faculty hire.

| belisve | already sent you this, but am repeating it hers. | addressed related subjects in my sabbatical survey:

4 blogs J Its Here's 2 blog that responds to student assignments in my 'Intelligent Buildings’ clas|
[The first half of the course is BIM-focused. http:/fintelligentbuilding092 blogspor.comy/s=arch/lzbel/BIM My 2pproach to getting student
started in the actual practice of learning BIM is 1/2 hour of class time plus 2n assignment. The following link shows what they are required
do. It has been very helpful in zetting them up and running, with many if nat most of them rapidly adopting it for projects in other ciasses

/{intelligentbuilding052.blogspot.com/2010/01 /gesting-startad-with-ravit-architecture.htm | slso maks it clear that this is only the |
needa on a big tree http://intelligantbuilding092 blogspot com/2010/01/learning-ravit-in-detail itmi I that course studants have s tarr
project. You'll ses from the following student-generated chaice of topics that BIM ranks high in their choices link in pest).

A entbuilding032.blogspot.com/. paper-topics-fulllist htm

[The bigzest issue for me/us is the faculty, not the studants. We have site licanses for the necassary software and adequats lab
facilities. Most facutly, however, do not see the relevance to their research interssts and ars reluctant/unwilling to spend the t
to learn BIM in arder ta incorparate it into their cour:

[We offer 2n elective interdisciplinary (arch, larch, az) BIM design studio.

[There is high support for BIM education in AE. The biggest hurdle is with true interdisciplinary efforts due to conflicting studen
faculty schedules and lack of compensation for mere than one faculty member involved in & courss.

J1ust started the dlass a year ago and it is moving in the right direction

| belizve our industry advisory council will recommend that BIM b 2 required diass and we will ikely need to have a faculty
dedicated to teaching CAD/Revit/8IM on 2 full time basis.

Our Department has two programs, Civil Enginesring and Architectursl Enginesring. | 2m an enviranmental enginesr and since becoming
Head 2-1/2 years ago, | have been learning much about our ARE program and BIM. However, to get 2 fuller understanding of 8IM in our
program, you should contact Dr. Tony Denzer at tdenzer@uwyo.adu.

[administrative support will remain strong and we will continus to advance BIM education in our program. We are currently
searching for 2 lecturer who can continue and expand our expertise in BIM and our ability to more fully integrate it into the
program.

Most faculty agree that 3D modelling is the wave of the future. As instructors, the goal is to determing the best way to use BIM taols a5 an)
educational toal in addition to being used as a production and coordinatian tool

|ﬁ: < the pencil of the future. It is the communication tool that will be used. We should not t=ach BIM but require the studenf
use it

(54: Please include any additional comments/concerns regarding BIM technology in AE educational curriculum that you might
ish to share

| am quits interestad in receiving 2 copy of the resuits of this survey If possible. Please send them 1o jmessner@engr.pau.sdu,
[vou would like further information on our BIM initiatives, please let me know.

My commenis hers 2re relztsd to my comments in Question 34 regarding funding. Right now, funding effans are coming from
[the private sector (AutoDesk, Bantley), which are understandably intrested in sesing their BIM packages intraduced at the
undergradust level. The prablem with this is that the powsr of BIM is not related to one particular package versus anathar |
[the interaperability that BIM promises and sometimes comes close to delivering. This is indzpendsnt of the package, 50 it's nof
likely to be supported by software developers. In our own undergraduzte curriculum, we are trying to emphasize the software
independent sspects of BIM. In our gradusts curriculum, we are just beginning to develop courses and projects intended to my
our current BIM software come closer to fulflling its promise.

[When there is an easier way ta interface BIM to standard energy modeling programs like eQuest ar EnergyPlus we will try to
incorporate it in our modaling classes. | don't see th older faculty who teach structures looking to incorporate BIM into those
sses,

[While the industry 2dvisory council is pushing for more BIM technology, they strongly recommend that students be able ta
communicate with hand drawing/sketchas.

Figure 9:2 Raw AE Educator Survey Data
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