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ABSTRACT 

Many mainstream architecture, engineering, and construction (AEC) professionals are using 

Building Information Modeling (BIM).  Although more and more firms are using BIM and this 

trend is forecast to continue, it is unclear what skills and competencies a construction manager 

will need in five years related to BIM.  This research aims to answer that question through the 

use of a Delphi panel comprised of AEC professionals.  The panel consists of members with the 

following qualifications: a minimum of eight years industry or academic experience or a 

combination of the two, a minimum of three years BIM experience, and membership in a 

nationally recognized professional organization.   

The results of the three round Delphi study identified skills and competencies in the 

following areas related to construction management: cost estimating (78 skills and 

competencies), scheduling and control (85 skills and competencies), project administration (71 

skills and competencies), contract documents (29 skills and competencies), and other skills that 

were not in other categories (20 skills and competencies).  In addition, this study reached 

consensus on descriptors that individual firms (24 descriptors) and construction mangers (22 

descriptors) will need to possess to maintain or increase BIM usage in five-years.  Although the 

panel identified many “new” BIM related construction management skills and competencies, 

“traditional” skills and competencies are a top response in each respective category.  Within 

these “traditional” skills was the reinforcement of soft skills.  BIM is a collaborative project 

management system so many soft skills are more important than with traditional project 
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management systems.  BIM requires some efficient communication along with strong soft skills, 

an area reinforced by the findings of this research.        

Furthermore, this research concluded that as BIM diffuses into the construction 

community, social systems interested in increasing BIM usage should augment “traditional” skill 

sets with the “new” BIM related skills and competencies.  Any academic programs seeking to 

implement BIM related topics into existing courses should do so in a careful manner.  This 

research revealed in five-years BIM will continue to enter the mainstream.  Building Information 

Modeling theory suggests that AEC industry will completely change because of BIM. However, 

this is not the entirely the case. This research discovered that soft skills are more important 

because of BIM diffusion.   

This research will be of particular interest to industry and academic programs seeking to 

increase BIM usage, or begin development of curriculum that incorporates BIM.  The results 

include a consensus of the most important skills and competencies related to BIM for a 

construction manager to possess, as ranked by mean and standard deviation,    
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CHAPTER 1 

 

INTRODUCTION  

Originally, a master builder was responsible for design, engineering, and construction of 

projects.  As time went on, project complexity increased and experts in many disciplines such as 

architecture, engineering, and construction (AEC) emerged.  This led to the first use of the term 

“construction manager” in the 1960’s.  Since then, construction managers have prided 

themselves in efficiently managing a project.  Yet, project complexity, technology, and 

innovation continue to grow, thus driving the impetus for improved management processes such 

as Building Information Modeling (BIM) (McKeon, 2011). 

Currently, many professionals in the AEC industry are making a switch from computer-

aided drafting (CAD) to BIM.  The McGraw Hill SmartMarket report claims that in 2008, 45% 

of companies used BIM tools at moderate or higher levels and BIM has seen a 45% usage 

growth from 2009 to 2012.  By 2014, BIM adoption will reach the following levels: over 70% of 

architects, over 40% of engineers over 50% of contractors, and over 40% of owners (McGraw 

Hill Construction, 2012).  It appears BIM is becoming mainstream thus research on how to 

prepare the next generation of construction manager with BIM related skills is necessary.  

A primary strength of BIM lies in its ability to reshape the workflow of the design and 

construction process through virtual design of a structure.  Historically, workflow was linear 

(pass-over method); one AEC discipline finishes and passes work to another discipline.  In BIM 
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workflow, the project team concurrently designs a virtual model providing real time design, cost, 

and schedule analysis with all disciplines represented.  Research demonstrates that early project 

planning, provided by BIM workflow, leads to decreased costs, a shorter duration schedule, and 

fewer requests for information (RFI’s), resulting in higher productivity (Eastman, Teicholz, 

Sacks, & Liston, 2011).   

In short, the use of a Building Information Modeling process is a trend in the 

Construction Management Industry that is changing the way many firms conduct business 

(McGraw-hill Construction SmartMarket Report, 2008). Building Information Modeling 

provides for a tool for early collaboration on many aspects of construction project design.  With 

BIM, firms can integrate construction knowledge for scheduling, estimating, and construction 

sequencing as the design is completed.  A BIM design makes changes in real-time and updates 

the construction sequence to reflect the changes.  All parties can evaluate the effects of change 

early on in a design. 

Background 

Some consider that the construction industry is resistant to change and argue that the 

industry has produced a slight decline in productivity over the past 30 or more years when 

compared to other industrial sectors (National Institute of Science and Technology, 2009).  

Construction is about 10% of global gross domestic product (GDP), providing gainful 

employment and a vibrant economy (U.S. Bureau of Labor Statistics - Office of Occupational 

Statistics and Employment Projections, 2010).  Building Information Modeling aids in the 

management of constructions projects for higher productivity and through use of modern virtual 

design systems.  Building Information Modeling is a set of tools that increases productivity 

though virtual design, construction, and concurrent design by all members of a project team.  
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Hildreth and Gehrig (2010) identified a common body of knowledge (BOK) for 

construction engineering and construction management (CM) programs.  The identified 

construction knowledge areas emerged from a review of requirements for accreditation from the 

following international sources: Accreditation Board for Engineering and Technology (ABET), 

American Council for Construction Education (ACCE), and Chartered Institute of Building 

(CIOB) accredited construction programs.  The BOK areas are estimating, construction 

scheduling and control, project administration, and contract document knowledge (Hildreth & 

Gehring, 2010).  This body of knowledge was used in the design of this study. 

Building Information Modeling tools have seen isolated usage currently in CM 

curriculums.  Many Universities are working to identify best ways to integrate BIM into the 

curriculum.  It is unclear how BIM will reshape CM curriculum or industry expectations of 

graduates in this area.  Research by Taylor, Liu, and Hein (2013) integrate BIM into areas of the 

ACCE curriculum, concluding, BIM is a powerful tool that construction management academic 

intuitions can use to deliver all aspects of the educational objectives within the curriculum.   

They recommend BIM find its way into multiple courses in the construction curriculum.  Since 

this study was local to Auburn, the authors recommended expanding the study’s geographic 

scope and including more industry influence.  This study did not identify the specific skills and 

competencies required for this integration, a limiting factor for a school planning to implement 

BIM.    

Implementation of BIM into university curriculum requires understanding of industry 

expectations of CM’s in the field BIM.  Without knowing what the desired outcomes are from 

industry, academia cannot properly prepare students in this area.  A method of curriculum and 

course development uses an instructional design (ID) process.  The first phase of ID is the 
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identification of instructional goals - What should individuals know and be able to do and what 

are the skills and competencies in the area of BIM required in five years?  Instructional design 

rests on numerous theory bases related to educational psychology.  This research will focus on 

the ADDIE approach to ID (Richey, Klein, & Tracey, 2011).  In ADDIE, development of 

instructional goals is a primary activity.  Instructional goals become the curriculum goals and 

specific course learning objectives.   

Rationale and Need for the Study 

Post-graduation employment depends on students having the knowledge and skills 

needed by potential employers.  Sabongi (2009) indicated 62% of industry members feel BIM 

education is not adequate and 75% of industry members feel BIM use will increase in the next 

five years.  Building Information Modeling is a concept that many educational institutions are 

attempting to implement within their organizations (Woo, 2007).  In 2007, there was a shortage 

of “BIM competent” individuals in the construction industry and demand for this expertise will 

exponentially grow with the passage of time (Kunz & Gilligan, 2007).  Academia is unclear on 

how to best prepare CM students in the area of BIM. Construction management curricula should 

more heavily incorporate advanced uses of BIM and undergraduate degree programs should 

address BIM (Becerik-Gerber & Kensek, 2010).   

Mutai (2009) identified appropriate training and knowledge of BIM as an implementation 

issue.  Taiebat, M., & Ku, K. (2010) confirmed that BIM is gaining momentum yet the learning 

curve and lack of skilled personnel are limiting wide spread usage.  Firms are currently working 

to figure out the best adoption strategies for BIM in their firm and to date a best or standard 

adoption process has not been identified (Coates, Koskela, Arayici, Kagioglou, Usher, & 

O'Reilly, 2010).  This research will help professionals understand industry needs so that 
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educational institutions can better educate students.  We know that BIM technology has 

documented benefits, educational benefits, and its usage will grow in the AEC industry.  What 

we do not know what BIM skills a construction manager will be required to possess five years 

from now.   

Building Information Modeling’s ability to visualize and coordinate work to avoid errors 

and omissions is one of its strengths (Suermann & Issa, 2009).  In a study asking industry leaders 

what CM graduates need to be able to do in the BIM field; constructability and visualization are 

the leading skills CM graduates need to know related to BIM (Taiebat & Ku, 2010).  Although it 

is unclear what the instructional goals of BIM constructability and visualization should be, it 

seems clear that CM programs should be preparing students with BIM skills and competencies.  

Confusion exists on how to best integrate BIM skills and competencies into an already full 

construction curriculum.  

Problem Statement 

Industry and academia should be in partnership; academia provides individuals with the 

skills and competencies needed by industry and industry can hire academia graduates.  To that 

end, academia should respond to changes in industry to best prepare individuals for gainful 

employment.  In a national study, 30% of respondents from construction companies identified 

the learning curve and cost/time as the leading reasons for not implementing BIM (Taiebat & 

Ku, 2010).  A disconnect exists; industry implementation of BIM will only move as fast as 

industry knowledge of BIM.  Yet, research shows firms are projecting increased use of BIM.  

Therefore, a student with BIM skills will be better suited for gainful employment in BIM related 

CM firms.  It is still unclear what knowledge industry is seeking from potential employees in 
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five years.  This supports the case for further research into what instructional goals academia 

should be developing in the BIM field.    

Purpose Statement 

Building Information Modeling will continue to expand in industry yet it is unclear what 

BIM skills and competencies the Construction Manager will need in the next five years.  The 

focus question of this Delphi study is “In five years, what skills and competencies must 

construction managers possess, related to BIM, to have gainful employment and further their 

career?”   

Research Questions 

A series of questions indicated in this section guided this research.  These questions 

directed the Delphi method and are in the closing sections of this dissertation to draw 

conclusions, develop discussion, and provide suggested areas of future research.  These research 

questions derive from the work of Hildreth and Gehrig (2010) that deals with the identification 

of a body of knowledge (BOK) for construction managers.   

1. In five years, what BIM skills and competencies, related to cost estimating, will 

construction management professionals need to possess? 

2. In five years, what BIM skills and competencies, related to construction scheduling and 

control, will construction management professionals need to possess?   

3. In five years, what BIM skills and competencies, related to project administration, will 

construction management professionals need to possess? 

4. In five years, what BIM skills and competencies, related to contract document 

knowledge, will construction management professionals need to possess?   
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5. In five years, what other BIM skills and competencies, not included above, will 

construction management professionals need to possess?   

6. In five years what will be the descriptors of construction management professionals 

seeking to increase BIM usage? 

7. In five years what will be the descriptors of construction management firm seeking to 

increase BIM usage? 

8. Are there any statistical significant differences in how future BIM skills and 

competencies rate in importance among construction professionals? 

Limitations of the Study 

The researcher limited the scope of this study to the population of individuals represented 

by the panel selected for this study.  The Delphi studies were limited in the validation of the 

contents of the questions; the panel of experts did not validate the questions used in this study.   

The researcher limited the bodies of knowledge areas for CM to cost estimating, 

construction scheduling and control, project administration, contract document knowledge and 

other areas not included above (Hildreth & Gehring, 2010).   

The researcher designed this study to aid Construction Management professionals 

working in the fields of cost estimating, construction scheduling and control, project 

administration and contract documents.  It does not include specifics for architecture, 

engineering, or other related disciplines.  The researcher designed this study to highlight 

necessary perspectives, skills, and competencies construction managers in the AEC industry 

must have as they relate to BIM.  
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This study is limited in the panel of experts utilized and the period forecasted.  A limiting 

factor of this study is the experiences and expertise of the panel.  Furthermore, this is a five-year 

Delphi study so the time horizon this research will remain relevant is limited to five-years.  

During the study, the researcher maintained panel member anonymity between panel 

members and researcher and between panel members.  The researcher did not know individual 

panel member responses during any of the rounds.  It was only during Round Three that the 

researcher collected demographic descriptors.  The panel members did not know each other’s 

individual responses, only mean and standard deviation scores from previous rounds.    

Study Assumptions 

To complete this study, the researcher assumed that, during the Delphi Study, the expert 

panel’s interpretation of the statements were the same as the researcher’s interpretation of the 

statements.  In addition, information provided by panel members was true and biographies / 

resumes found on LinkedIn are true.  

Definition of Terms 

This section presents definitions of frequently used terms applied to this research.  Within 

the remainder of this research, other terms appear will be defined in the context of their usage.   

Delphi Study – “A systematic and interactive research technique for obtaining the 

judgment of a panel of independent experts on a specific topic. (Hallowell & Gambatese, 2010)” 

The strength of a Delphi lies in the experts residing on the Delphi Panel. 

Delphi Panel – A group of experts selected by predetermined guidelines participated in 

three rounds of panel surveys.   
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Instructional goals – A description of the knowledge and skills that students will have 

upon completion of the course or program. (Branch, 2009)  “What will a student know and be 

able to do? 

Building Information Modeling – A technological and process change, facilitated by 

computer technology, encompassing all aspects of a project from design through construction to 

occupancy (Eastman, Teicholz, Sacks, & Liston, 2011).    

Construction Manager – Individual or team responsible for managing the construction of 

a project.  The four primary responsibilities of a construction manager include; cost estimating, 

construction scheduling and control, project administration, and contract documents (Hildreth & 

Gehring, 2010).    

Building Information Modeling (BIM) related skills and competencies – skills and 

competencies that are cognitive, physical, technological, and theoretical related to BIM; they can 

include theoretical, practical, interpersonal, and other skills related to the BIM movement.   
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CHAPTER 2 

 

LITERATURE REVIEW 

This chapter begins with an overview that includes the parameters of this literature 

review.  It presents a theory base for this study and describes a synopsis of the literature with 

applications for this study.  

Overview  

A literature review demonstrates knowledge about a field of study, including vocabulary 

and theories (LeCompte, Kilinger, Campbell, & Menke, 2003).  In addition, the review should 

develop the research problem, gain methodological insights, rationalize the significance of the 

problem, enhance vocabulary, and place research into a historical context to show state-of-the-art 

developments.  One of the most important steps in the creation of a literature review is to define 

the focus of the review (Randolph, 2009).  In Cooper’s taxonomy of literature reviews, he 

suggests designing a review according to five characteristics: focus, goal, perspective, coverage, 

organization, and audience (Cooper, 1989).  To that end, the following are the characteristics, 

questions, goals, and criteria of this literature review:   

 Identification and synthesis of theoretical basis related to study. 

 Criteria for inclusion or exclusion of literature related to topic: Exhaustive 

research in scholarly journals and conference proceedings with a focus on 
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construction research and education journals.  In addition, national statistics 

demonstrating industry trends are included.   

 Definitions for terms used in the study. 

 Identification of the need for the study. 

 Explanation of research method for the study. 

 Examination of areas of skills that industry may need to help develop guiding 

questions for Delphi. 

Theory Base / Rationale 

Instructional Design (ADDIE) 

 Instructional design (ID) is “the science and art of creating detailed specifications for the 

development, evaluation, and maintenance of situations which facilitate learning and 

performance” (Richey, Klein, & Tracey, 2011) (p. 3).  Instructional design is the linking science 

between learning theory and educational practice (Lawrence Erlbaum Associates, 1989).  

Furthermore, “ID centers on individual learning, has immediate and long-range phases, is 

systematic and uses a systems approach about knowledge and human learning” (Branch, 2009).  

Instructional design draws theory from the from the disciplines of communication, learning, 

instruction, media, conditions based, constructivist, and performance improvement and applies 

those theories to individual learning (Richey, Klein, & Tracey, 2011).   

One commonly used process adopted for instructional design is ADDIE.  ADDIE is an 

acronym for Analyze, Design, Develop, Implement, and Evaluate.  The United States Air Force 

originated this method for instructional design in creation of training programs.  ADDIE can 

create intentional learning environments such as in ID; it is a systematic design of ID and uses a 
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set of procedures based on general systems theory to communicate visually the instructional 

design process to stakeholders (Richey, Klein, & Tracey, 2011).   

As seen in figure 1 the process embraced by the ADDIE model begins with an “analysis” 

of the curricular issues at hand.  The second phase of ADDIE is “design” of the curriculum 

development plan.  The third phase of the model requires instructional designers to “implement” 

the new curriculum.  The curriculum designer should consistently “evaluate” progress and 

continually revise the curriculum to ensure best curriculum is created.  Notice that figure 1 is a 

circular motion, meaning that this process should be repeated and it is nonlinear, curriculum 

requires evaluation and adjustment to meet the needs of the course and program of study.  

 

Figure 1. ADDIE Model (adopted from Branch, 2009) 

Branch recommends instructional designers work backwards from desired outcomes 

(with subject matter experts) to identify what a learner should be able to do.  Thus, this research 

focused on the “Analyze” phase of the ADDIE process; specifically forecasting of instructional 

goals related to BIM for CM.  Instructional goals describe the end goals that students will be able 

to do upon completion of the course or program (Branch, 2009).  Instructional goals answer the 

question of “what will a student know and be able to do?”  In working with subject matter 
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experts, this Delphi study will assemble a panel of experts to forecast needs, a requirement set 

forth by Branch.     

Analyze 

A primary output of this research is the instructional goals established for the Analyze 

phase of ADDIE.  Thus, this literature review will go into depth on the Analyze step in ADDIE.  

The analyze phase of the ADDIE process contains identification of the probable causes of the 

performance gap (actual performance compared to desired performance), determination of 

instructional goals, confirmation of the intended audience, identification of the resources 

required to complete the ADDIE process, determination of the potential delivery systems, and 

the composition of a project management plan.  Once complete these items should be compiled 

in a document titled “analysis summary” (Branch, 2009).  Below are steps in the Analysis phase 

and means the researcher uses to incorporate them into this research:  

1. Identification of the probable causes of the performance gap (actual performance 

compared to desired performance) – BIM is a new process and tool, as such many 

members of industry and academia struggle to decide on what skills and 

competencies are needed to become successful in the field.  This research 

gathered industry experts to forecast the desired performance of Construction 

Managers related to BIM in five years in four competency areas.  This research 

assumes that resources (i.e., computers, software, and ancillary equipment) are 

substantial.  This research is for individuals wanting to implement BIM, have 

adequate resources, and yet are unsure of what the desired performance outcome 

may be.  This research focused on closing the achievement gap based upon lack 

of knowledge and skills in BIM.   
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2. Determine instructional goals – This is the primary purpose of this research.  

Instructional goals described the terminal tasks that students will know and be 

able to do at the end of the course.    

3. Confirm the intended audience – The audience for this research is both academia 

and industry representatives intending to use BIM tools and process in five years. 

4. Identify resources required to complete the ADDIE process – To complete a 

proper analysis, the instructional designer will need to identify resources required 

in the areas of Content (past research in BIM skills and competencies), 

Technology (computer requirements), Instruction (rooms and locations) and 

Human (teaching / training requirements) domains.   

5. Determine potential delivery systems – This step identified best delivery systems.  

Branch provides the following examples of delivery systems: Physical face-to-

face meetings, computer-based training, video, internet-based learning 

management systems, or blend two or more of the above.  Costs are included in 

this step.  

6. Compose a project management plan – This step created a consensual document 

that confirms the expectations of the parties involved in the project.  It is the 

creation of a project management plan to design the instruction.   

Remaining Steps in ADDIE 

The next few paragraphs provide an overview of the remaining steps in the ADDIE 

process; Design, Develop, Implement, and Evaluate.  These steps in ADDIE are beyond the 

scope of this research therefore, this literature review will not go into detail on the specifics for 
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the remaining steps in the ADDIE process, but will provide a brief overview to help the reader 

understand the full ADDIE process.     

The second step in ADDIE, Design, requires the designer verify desired performances 

and appropriate testing methods through the following steps.  Step one, complete a task 

inventory where the essential tasks required to reach an instructional goal are established.  Step 

two; compose a performance objective that includes condition, performance, and criterion 

component for the desired performance.  Step three; includes generating of testing strategies to 

evaluate a student or trainee’s performance related to the instructional objectives.  The fourth and 

final step in this phase calculates the return on investment.  This includes calculating the ROI for 

training, benefits derived from the training, and comparing the two.  The designer should 

compile these items in a document titled “Design Brief” (Branch, 2009).    

The third step in ADDIE, Develop, generates and validates learning resources.  This 

phase generates content that includes appropriately sequencing beginning, middle, and end of 

instruction based on instructional objectives identified in the Analyze phase.  Step two, includes 

selection of media to deliver the instruction so students to learn the desired objectives.  Step 

three, develops guidance for the students to help work through instruction.  Step four, includes 

conducting formative revisions; a review of the instructional material developed in final 

preparation for implementation.  In the last step, the designer conducts a test pilot where a field 

trial provides data on learning resources related to instructional goals.  The designer should 

assemble results of this phase in a document titled “Learning Resources” (Branch, 2009).   

The fourth step in ADDIE, Implement, requires the designer prepare the learning 

environment.  The preparation is to engage the students and should include both preparation of 

the teacher and the student.  Preparation of the teacher requires the instructional leader receive 
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training in instructional strategies and resources.  Branch suggests using a train-the-trainer 

model, where new instructors receive training from other instructors to implement the 

instructional design.  In preparation of the student, a complete identification and preparation of 

the students receiving the learning should ensue.  Class sizes are established and formal 

identification of individuals requiring this instruction is complete.  Once this this phase is 

completed, the designer should collect the pertinent information in a document titled 

“Implementation Strategy” (Branch, 2009). 

The final phase of ADDIE, Evaluate, assesses the quality of instructional products and 

processes developed in subsequent steps.  The first step of Evaluate determines evaluation 

criteria measured on three levels: student perception of the learning, student learning of skills, 

and competencies and performance that measure learning transfer from instructional design to 

student.  In step two, the designer selects evaluation tools to assist instructional designers in 

measuring success in meeting instructional design goals.  The final step in this phase conducts 

evaluations of the earlier steps in ADDIE.  The designer develops the evaluation tools.  A 

document titled “Evaluation plan” describing this phase of ADDIE is compiled (Branch, 2009).    

Diffusion of Innovation 

Understanding how innovations such as BIM diffuse through a particular social channel 

such as the AEC industry and academia will help guide this research.  Considered a primary 

source of diffusion research, Rogers (2003) defined diffusion as a process where (1) an 

innovation is (2) communicated through certain channels (3) over time and (4) among a social 

system.  The innovation is a new idea, practice, or object perceived as new by the adopting unit.  

A communication channel is the means by which messages get from one to another.  Time is the 

amount of time it takes from an individual’s initial discovery of an innovation to full 
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confirmation of the innovation’s use.  The social system is an interrelated group of people trying 

to reach a common goal.   

Rogers (2003) argued that in order for an innovation to be adopted, the individual 

(individual or other decision-making group) typically passes through five stages of the 

Innovation-Decision process.  As seen in figure 2, initially the individual or decision making 

group will need some knowledge of the innovation, in this case BIM would need to be something 

the decision-making group has experienced.  A noteworthy point is the firm’s willingness to 

innovate as a driver in the knowledge phase.  Rogers’s research shows that the norms of the 

social unit and current conditions of the social unit will make a difference in how the innovation 

is perceived and adopted or rejected.  BIM is diffusing into the AEC industry and the perception 

of individuals will influence the BIM innovation movement into the knowledge phase.  

Individuals will be reluctant to adopt or even consider adoption if the social norms of the 

particular social group they are a part of do not accept the innovation.  Innovativeness also plays 

a major role in an individual’s decision to adopt innovations.  Categories of innovators include: 

(1) innovators, (2) early adopters (3) early majority (4) late majority and (5) laggards.  A social 

systems category of innovativeness will impact there decision to move from knowledge to 

persuasion.       

The next step is persuasion, the decision making group that will use BIM needs to see the 

advantage of BIM processes and tools in order to move on to the next step.  Third, is the decision 

to use the innovation, BIM is something that requires a large commitment for an organization to 

undertake and that decision is not to be taken lightly.  When the decision to implement BIM is 

put in place, it may be rejected by the group or adopted.  If rejected the process needs to be re-

thought, if adopted the group can move forward in the continuum.  In step four, the 
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implementation of BIM would occur; stepping further into BIM adoption by the organization.  

Lastly, confirmation that BIM is a worthwhile process to implement in the AEC organization, 

now BIM would be considered adopted by the group.  Rogers research also shows that the more 

complex an innovation is the slower it will diffuse into a social system.  Full BIM project 

delivery is a very complex process and as such its diffusion may be slowed down due to its 

complexity.   

 

Figure 2. A Model of Five Stages in the Innovation Decision Process 

It can be argued that BIM has reached a point of critical mass within the AEC industry 

and for students to be prepared for employment they will need to have specific skills and 

competencies related to BIM.  To that end, BIM is diffusing as Rogers has postulated and the 

current issue becomes diffusion of this innovation into academia to prepare students for 

employment.  A primary component of Rogers’ change model is the communication channels.  
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This research enhances the interpersonal communication channels (classroom instruction) by 

providing instructional goals that will drive instruction and promote further diffusion of BIM.   

New Communication Channels / BIM theory 

Traditional AEC projects used a linear workflow, also called a “pass-over” method.  

Previously, the Construction Manager rarely entered the design process early on.  Building 

Information Modeling uses concurrent design process.  As Jernigan (2008) stated, the big BIM 

movement is also called integrated practice. This study examined communication channels 

within the AEC industry.  By gathering multiple perspectives from the AEC industry (owners, 

architects, engineers, etc.) potential communication shifts and we can postulate BIM 

proliferation in the next five years.  The next section examines this idea further.   

Building Information Modeling (BIM) Overview 

Building Information Modeling encompasses evaluating a building a structure in a virtual 

environment for a variety of issues prior to any construction begins.  Once the virtual structure 

(BIM Model) is designed, various computer applications can evaluate the structure for energy 

efficiency, quantity take off, estimation, scheduling, and architectural renderings. (Jernigan, 

2008)  A BIM model is loaded with data that can be extracted in multiple ways to help with 

decisions and complex project planning. 

At BIM’s core is a three-dimensional parametric data rich model created in a virtual reality 

on a computer (Hardin, 2009).  A BIM model will support the construction, fabrication and 

procurement activities throughout the buildings lifecycle (Eastman, Teicholz, Sacks, & Liston, 

2011).  Prior to using three-dimensional parametric modeling software, two-dimensional 

computer aided drafting / design (CAD) software was used.  If an edit occurred in one area of the 

two-dimensional CAD views, all other views had to be updated manually; this process was a 
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major source of errors.  Building Information Modeling alleviates many errors that would hinder 

productivity (Azhar, Hein, & Sketo, 2011).   

BIM Project Work Flow 

Building Information Modeling is not just a computer technology enhancement but also a 

process (workflow) change.  Traditional methods for design were linear, meaning one person 

would finish with part of a design and send it over to the next person to work on (also called the 

pass-over method).  As modeled in figure 3, the current AEC business model separates owners, 

designers, builders, and subcontractors and does not foster much collaboration early in the 

building design (Hardin, 2009).  All parties in figure 3 have individual party lines and are 

contractually loyal to themselves.  BIM changes that flow as seen in figure 4, where all parties 

are loyal to the project contractually, a true teamwork mentality is needed in a BIM project.    

Building Information Modeling requires collaboration of all parties early on (Eastman, Teicholz, 

Sacks, & Liston, 2011).  It is important to understand this new revised workflow as a study 

revealed that employers want students that understand the conceptual knowledge of BIM and not 

just be BIM software operators (Taiebat & Ku, 2010).  To accomplish this, new project delivery 

systems and contracts need to be introduced.  

 

Figure 3. Conceptual Organizational Boundaries (Eastman et. al BIM Handbook, 2011). 
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Building Information Modeling innovation can change the way projects are delivered.  In 

a BIM project multiple people can work on the same project at one time with real-time updates.  

The major benefit is a concurrent development and design of a structure from conception through 

facilities management.  Every stakeholder in the structure has input as early as possible in the 

design process.  One of the largest drivers in a successful BIM project is the adoption of BIM 

culture. 

Efficient BIM use will require a culture shift.  Building Information Modeling use 

requires a firm to embrace the BIM philosophy and fully collaborate with owners, construction 

managers, architects, and other designers to work on the BIM design concurrently (Hardin, 

2009).  A BIM project philosophy is the most challenging step of full BIM implementation.  

Proper use of BIM will require a corporate paradigm and culture shift for its users.  The 

implementation of BIM requires corporate change and top management support (Smith, 2009).  

To see the full potential of BIM firms will need to embrace full collaboration (Sebastian, 2011).   

This may be difficult for many organizations due to the complexity of BIM and a firm’s 

willingness to adopt this complex innovation.  Rogers’s research shows that the more complex 

an innovation is, the more difficult it is to diffuse through a social system (Rogers, 2003).  With 

the complexity BIM possesses including the culture shift for full BIM adoption social systems 

may delay full adoption of BIM.  This has been the case in many firms that only use some BIM 

tools but not use contracts embracing BIM.   

A cultural shift occurs when BIM is implemented; currently most projects are delivered 

using old project delivery methods of design-bid-build with designers and builders in different 

rooms (Integrated Project Delviery for Public and Private Owners, 2010).  Building Information 

Modeling changes that culture into something much more collaborative.  Project delivery will 
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use a more integrated project delivery approach (Rowlinson, Collins, Tuuli, & Jia, 2010).  

Current project delivery systems offer a checks and balance system because of the adversarial 

nature of the contracts.  Full implementation of BIM in project delivery should use a more 

integrated project delivery approach (Rowlinson, Collins, Tuuli, & Jia, 2010).   

As demonstrated in figure 4, BIM climate and culture is different from others.  Everyone 

works on a project design at one time and BIM is at the center of the project.  All parties are 

loyal to the project contractually.  To have this method of designing come to fruition, 

collaboration between all parties working on the design needs to be optimized.  The current AEC 

business model separates owners, designers, builders, and subcontractors and does not foster 

much collaboration early in the building design.  Building Information Modeling requires 

collaboration of all parties early on (Eastman, Teicholz, Sacks, & Liston, 2011).  In the past, 

BIM models were created from plans and specifications created by an architect or engineer.  This 

provided a critical check of the designers work.  When all of the members of the team are 

working on the same design, this check will be removed and work may lack a critical eye 

(Azhar, Hein, & Sketo, 2011).  

Building Information Modeling as a project management tool offers a user the ability to 

examine the BIM model from a variety of project management and design packages.  Figure 4 

illustrates how the BIM model is at the center of a design and information can be extracted from 

the model to help plan out the project.  Existing design plans are linear and only one person can 

work on a plan at a time.  Building Information Modeling provides the ability for multiple 

individuals to work on the model at once and see real-time changes in cost, scheduling and 

project management decisions (Hardin, 2009). With multiple parties building and analyzing the 

design real-time outputs are generated increasing productivity. 
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Figure 4. BIM Model as Center of Project (http://www.bluentcad.com) 

Benefits of BIM 

Use of the BIM process has resulted in such benefits as 40% elimination of unbudgeted 

change, cost estimation within 3%, 80% reduction in time taken to generate a cost estimate, a 

savings of 10% of contract value, and a 7% reduction in project time (Azhar, Hein, & Sketo, 

2011).  Building Information Modeling leads to increased productivity, better engagement of 

project staff and lower overall risk distributed with a similar contract structure (Kunz & Gilligan, 

2007).   

BIM Diffusion into Industry  

Currently BIM is not being as used as extensively as it could be in industry and we are 

yet to see its full power.  Contractors are using BIM for clash detection, scheduling, and 

coordination with sub-contractors and fabricators.  Some designers are using BIM for 

visualization and simulation.  There is little passing of information from designer to contractor 

and on to facility operator “Typically, that is where is ends…one could say that today we are 

really only doing Building Modeling” (Rowlinson, Collins, Tuuli, & Jia, 2010).  Building 
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information modeling can be used throughout a building’s life cycle and a facility manager will 

find a BIM very useful.  The national BIM Standard defines BIM as “a digital representation of 

physical and functional characteristics of a facility” (Smith, 2009).    

 Many construction firms are currently working to figure out the best implementation 

strategy for BIM in their firm.  The strategies vary by firm and are driven by a variety of factors 

including firm experience with BIM, business strategy, and BIM computer technology.  A best 

or standard implementation method has not yet been identified (Coates, Koskela, Arayici, 

Kagioglou, Usher, & O'Reilly, 2010).   

Building Information Modeling tools are best used in an integrated project delivery (IPD) 

system (Hijazi, Alkass, & Zayed, 2009).  In order for BIM to reach its full potential, project 

delivery systems must mature as well.  The older methods of design – bid – build -- will be 

replaced by more collaborative integrative project delivery methods.  Integrated project delivery 

uses single party agreements where multiple project risks are shared.   

The main contractual principles used in IPD allow participants to bond together as equals, 

share financial risk and reward based on project outcome, facilitate liability wavers between key 

participants, show fiscal transparency, invite early involvement, intensify design, jointly develop 

project target criteria, and foster collaborative decision making (Elvin, 2007).  All of the contract 

ethical values rest on the following behavioral principles: mutual respect and trust, willingness to 

collaborate, and open communication.  In a traditional project delivery system, risk is 

“individually managed and transferred to the greatest extent possible… risk in IPD is collectively 

managed and appropriately shared (Integrated Project Delviery for Public and Private Owners, 

2010).”  This is echoed in another survey where “trust, respect and good working relationships” 

are identified as the major component of a successful IPD project (Kent & Becerik-Gerber, 
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2010).  IPD is considered a “value-based” contract requiring team members to forget the 

traditional “individual first” mentality of construction.   

Main Model of Legal Responsibility 

There is risk for a company using a BIM main model without identifying ownership 

responsibility.  One of the larger uncertainties associated with BIM is the responsibility for the 

main model (Associated General Contractors of America, 2005) .  As previously noted, the 

center of all BIM operations is a model robust with data.  As the old technology adage goes, 

“garbage in, garbage out.”  The individual taking responsibility for updating BIM data and 

verifying accuracy is taking on a great deal of liability.  This is a major sticking point for pre 

design and pre BIM contract negotiations (Azhar, Hein, & Sketo, 2011).  Imagine a scenario 

where many designers created a BIM model and a design issue arises.  Accountability for errors 

may become difficult to prove.  Secondarily, model data transmits company secrets and 

consideration; to protect this information through copyright or intellectual property laws exists.  

Many subcontractors and general contractors apply proprietary information to use on the project 

demonstrated in the model.  The contractors do not want trade secrets revealed.  To realize the 

full potential of BIM, these disincentives need to be addressed so that the model’s full potential 

can be realized (Azhar, Hein, & Sketo, 2011).   

Legal Issues  

Building Information Modeling is a relatively new technology that is causing many 

changes in the industry.  Many legal issues may arise that were unforeseen prior to full 

implementation and many feel that great unknowns exist.  Areas of ownership of the BIM model 

and the new Integrated Project Delivery contract need a precedent set in court cases.  These areas 

may prove to be large obstacles for an organization.  Although many templates exist for IPD 
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contracts, few have gone in front of a court of law to be tested and precedents have not been set.  

This is a risk and a legitimate rationale for an organization to resist full IPD contracts.  Research 

should be conducted on the validity and risks associated with an IPD contract and BIM to assure 

construction firms that they are protected.  Until industry understands the risk, they will not 

embrace a new system of completing work.    

Existing BIM Curricular Research 

Although BIM is relatively new, some research exists on curricular practices and the 

status of BIM implementation in existing curriculum.  Much of the research is on methodology 

to incorporate BIM into curriculum, teacher experience of BIM, and student experiences using 

BIM.  The research reviewed shows that BIM will continue to grow in the CM program of study, 

yet it is unclear what instructional goals, skills, and competencies individuals expect in the CM 

profession.  

Integration into Curriculum 

Integrating BIM into a CM curriculum poses an abundance of challenges.  In a study of 

ASC schools, less than 1% responded that BIM is taught as a stand-alone course and 9% address 

BIM as being taught as part of an existing course (Sabongi, 2009).  The most significant 

obstacles identified were a crowded curriculum, lack of established curriculum, and lack of 

reference materials.  Integration of BIM into CM curriculum is moving slowly compared to 

industry.  Post-graduation employment depends on students having the knowledge and skills 

needed to serve in industry.  Sixty-two percent of the survey respondents say that BIM education 

is not adequate and 75% feel that BIM use will increase in the next five years in the market place 

(Sabongi, 2009).  This is a call to action for education professionals our responsibility is to serve 

our students and provide them education that will provide gainful employment.   
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The integration of BIM in to the CM curriculum has been a topic of debate for some time.  

It is clear that the need to integrate BIM exists.  However, the appropriate curricular location has 

not been decided.  Some have suggested that BIM be part of a first level undergraduate course 

while other schools have placed it as a capstone project in their course sequence (Joannides, 

Olbina, & Issa, 2012).  In a case study using the capstone project to integrate BIM, many 

students had to learn the software alone.  This took up most of the time for the project but proved 

to be beneficial for future employment.  Most of the students that worked with BIM as part of the 

project are using BIM in their current construction jobs.  Furthermore, many are assuming 

company leadership roles associated with BIM, demonstrating the success of BIM integration 

into the CM curriculum.   

Building Information Modeling helps students learn CM topics and a teaching paradigm 

shift towards a BIM integrated curriculum is suggested.  Students verified that BIM provides a 

better understanding of the construction process.  It was recommended that introduction of BIM 

be done early in the classroom to facilitate higher-level projects later in the undergraduate 

curriculum (Salman, Sattineni, & Hein, 2010 ).     

The researcher structured this study to help identify BIM instructional goals within a 

given BOK of CM professionals supporting integration into existing curriculum.  In an 

undergraduate course, a case study by Hyatt integrated Lean, Sustainability and BIM into a 

scheduling course that produced a “highly successful course that engaged students and improved 

effectively introduced students to these important topics” (Hyatt, 2011).  Courses designed along 

this path will help solve the answers of a crowded curriculum.  Taylor stated, “we do not 

advocate a silver bullet course to add to an already packed curriculum, but rather promote the use 

of BIM as a means of better integrating a construction curriculum” (Taylor, Liu, & Hein, 2008).  
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Building Information Modeling is an integrated project delivery method so it only makes sense 

that construction educational facilities adopt the method.  In a survey of the students after the 

course, 57 % identified the BIM assignment as most beneficial in being able to visualize the 

construction process (Hyatt, 2011).   

Mohsen and Issa (2012) reported that 40% of responding civil and construction 

engineering academic programs either had interest in or had already implemented BIM into their 

curriculum (response rate was 15%).  Building Information Modeling was perceived as being 

important to industry, and many respondents planned to integrate BIM into their curriculum 

fully.  Many of the survey respondents identified BIM pedagogical approaches as a research 

area.  

Taiebat and Ku (2010) indicated that BIM skills are in demand in “Constructability” and 

“Visualization.”  The authors admit further exploration into these areas is needed.  This research 

focused primarily on industry perceptions and did not identify clear instructional outcomes that 

individuals should have when entering the work force.  Various studies identified individual 

instructor experiences implementing BIM into a course.  Wright suggested that BIM be used to 

design contract courses in the areas of IPD, claiming the teamwork component of IPD and BIM 

enhance learning (Wright, 2012).  Chen and Hildreth suggested a program of study for BIM in a 

construction engineering program curriculum, claiming that BIM can be incorporated into a CM 

curriculum but conclusive knowledge of best practices or forecasted instructional goals is still 

lacking.  Gao, McIntyre, and Ge (2012) presented a pilot study on integration of BIM into 

existing project scheduling and control study areas, discovering that BIM can be integrated into 

existing curriculum and explaining that further research in this area is suggested.   
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Clevenger, Ozbek, Glick, and Porter (n.d.) researched integrating BIM into Construction 

Management Education at Colorado State University.  Their research focused on implementation 

of BIM into existing programs.  In the pilot program, BIM became the tool used to deliver 

multiple subject matters (Clevenger, Ozbek, Glick, & Porter).  This method of instructional 

design is favorable but lacks any information on instructional goals and is limited to Colorado 

State’s population. 

Building Information Modeling is new and many industry practitioners are not proficient in 

its usage.  Research notes there is a shortage of competent building information modelers in the 

construction industry and their demand will exponentially grow with the passage of time (Kunz 

& Gilligan, 2007).  This is an obstacle for members of industry to move forward.  By providing 

the industry with students trained in effective use of BIM tools, the industry is in a position to 

better itself.  Recommended research in training methods and programs of study for individuals 

will contribute to the adoption of the full BIM paradigm shift.  In addition, it is unclear if any 

schools in engineering, architecture, or construction require BIM and IPD as a learning objective.  

Future research in the areas of how academia and industry can collaborate to move BIM forward 

and establish BIM’s place in the CM curriculum. 

BIM’s Benefits to Students Learning Construction Management  

Building Information Modeling research has demonstrated increased learning through 

student engagement and multiple modalities of learning.  Many concepts students have 

difficulties grasping in the past are now easier to visualize with BIM.  Shen (et. al) piloted a 

program to use BIM to teach design and construction of sustainable buildings.  The case study 

designed a sustainable project and modified it, providing multiple sustainable “what-if” scenarios 

for analysis and design.  Student feedback on this project supported positive usage and strong 
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learning of both BIM and sustainable concepts in the classroom (Shen, Jensen, Fischer, & 

Wentz, 2012).   

Taylor, Liu, & Hein (2008) concluded, “BIM can be an integrative force within a 

construction curriculum, a vehicle for delivering all aspects of its educational objectives.  

Perhaps most important of all is the integration of knowledge about building that it provides 

within the mind of each construction student.”  In addition, BIM should be offered early in the 

curriculum (Taylor, Liu, & Hein, 2008).  It seems that BIM should be offered in a CM 

curriculum from the start as a design course and progress to advanced scheduling and estimating 

as the curriculum progresses.  

Building Information Modeling is a new concept that many educational institutions are 

attempting to implement within their organizations.  Currently there is not an accepted 

instructional strategy to teach BIM in any AEC curriculum (Woo, 2007).  In a case study at 

Western Illinois University, AutoDesk Revit was taught as part of the CM curriculum.  This 

course covered not only the technical aspects of the software but also the many technical 

components of building construction.  The students were able to learn how to use the software 

and understand what they were building.  This helped the students visualize, but the technical 

aspects of learning the software were difficult at first.  Students also noted the high level of 

construction knowledge required for this course.  The study pointed out that students were very 

motivated to learn this software and concluded that “properly structured BIM courses would 

provide industry-required knowledge to prepare student to successful careers in the AEC 

industries” (Woo, 2007).   

Members of the Associated Schools of Construction Education (ACCE) have been 

working on implementing BIM into their curriculum (Taiebat & Ku, 2010).  The have 
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recommended that educators should be investigating how this powerful tool can enhance their 

curriculum.  Building Information Modeling can better integrate a construction curriculum 

(Becerik-Gerber & Kensek, 2010).  During a class implementation case study, students learned 

BIM software and concepts and were required to learn the software on their own.  The study 

concluded that BIM software was too complex to learn on its own without some guidance 

(Taylor, Liu, & Hein, 2013).   

Students have different learning styles; teaching BIM modeling is a way to address a 

variety of these learning styles to bring students to higher success.  Traditionally, students would 

have to create 3D models in their heads during a scheduling course.  This high level of visual 

thinking may not be attainable for all students.  This is not the case with BIM modeling software, 

which makes construction curriculum accessible to more visual learners without removing the 

other leaning modalities.  Using BIM as a knowledge repository and primary teaching method in 

a course on residential construction was effective (Meadati & Irizarry, 2010).   

The Construction Industry BIM development  

The construction industry is a major part of society; it builds the roads we travel on, the 

buildings we work in, and the schools to which we send our children.  It is ironic that the 

construction firms’ building structures that house some of the most innovative products in the 

world are considered conservative and non-innovative (Egan, 1998; Hakansson & Ingemansson, 

2013; Koskela & Vrijhoef, 2001; Mizzo & Dewick, 2004; Seaden & Manseau, 2001).  

Construction produces approximately 10 % of the international gross domestic product.  With 

construction being such a high percentage of GDP, productivity gains will affect the large-scale 

economy.  Internationally, the building SMART™ initiative is calling for a reduction in 

construction costs through full building life cycle productivity improvements (National Institute 
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of Building Sciences, 1998).  Building Information Modeling is a tool and process that may help 

to answer that calling.   

Construction Productivity  

Major improvements in productivity are due to innovation; electric light, use of 

petroleum, the telegraph, telephone, mass circulation magazines, and World Wide Web are all 

innovations that have resulted in increased productivity (The Building Futures Council, 2006).  

Many industrial sectors such as manufacturing have adopted innovations and as a result 

increased productivity.  Nevertheless, the construction industry is still running on traditional 

delivery methods and is non-innovative (Hakansson & Ingemansson, 2013).  Figure 5 

demonstrated that productivity within the industry has slightly declined when compared to other 

industrial sectors.  Productivity is defined as “the measurement of how well an individual entity 

uses its resources to produce outputs from inputs” (The Building Futures Council, 2006).  Within 

Figure 5, the U. S Bureau of Labor Statistics claims that all other non-farm related industries 

have seen an increase of 200% in productivity while construction has seen productivity slightly 

decline (Ahmed & Forbes, 2011).  This trend continued through 2012, according to Dr. Paul 

Teicholz (2013).   
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Figure 5. Construction and Non-Farm Labor Productivity Index (1964-2003) 

The Lean Construction Institute presents further evidence of the decline in productivity.  

The institute claims that 57% of time, effort, and material invested in construction projects does 

not add value, while in manufacturing 27% of similar activities does not add value (Ahmed & 

Forbes, 2011).  Internationally construction productivity growth has fallen short when compared 

to other sectors (Abdel-Wahab & Vogl, 2011).  The National Institute of Science and 

Technology (NIST) points to a 0.06% decline in productivity during the 40 year period prior to 

2007 (National Institute of Science and Technology, 2009).    

BIM’s Effect on Productivity  

The major causes of productivity issues in construction are requests for information 

(RFI), change orders, and construction conflicts.  According to The Economist, inefficiencies, 

mistakes, and delays account for $200 of the $650 billion spent on construction in America every 

year (The Economist, 2000).  The Construction Industry Institute (CII) estimates that 10% of 

project cost is rework (Construction Industry Institute, 2001).  Change orders have a detrimental 
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impact on productivity.  A major cause of loss of productivity is an accelerated and inadequate 

scheduling and coordination from such change orders.  Case studies reveal between 11% and 24 

% in mechanical and electrical productivity loss and 8 % and 14% in civil and architectural 

productivity loss, respectively (Moselhi, Leonard, & Fazio, 1990).  A main goal of a BIM project 

is to construct a structure in virtual space before actual construction begins.  This process will 

identify potential conflicts and risks prior to construction.  The ultimate goal of a BIM process is 

to reduce waste, costs, and problems during the project duration (Eastman, Teicholz, Sacks, & 

Liston, 2011).  

Building Information Modeling provides a higher quality, lower cost, and more 

productive project.  (Ahmed & Forbes, 2011)  Use of BIM had resulted in such benefits as 40% 

elimination of unbudgeted change, cost estimation within 3%, 80% reduction in time taken to 

generate a cost estimate, a savings of 10% of contract value because of clash detection, and a 7% 

reduction in project time (Azhar, Hein, & Sketo, 2011).  In a 2007 survey by Kunz and Giligan 

on the value of virtual design and BIM usage during the construction document development 

phase, it was discovered that conceptual design support and pre-project planning services led to 

increased productivity, better engagement of project staff, and lower overall risk (Kunz & 

Gilligan, 2007).    

Building Information Modeling has researched-based effects on productivity and the 

AEC industry is going to continue trending towards BIM’s full use.  Future CM professional will 

need to have some level of BIM skills.  It is still unclear exactly what instructional goals or 

specific skills in the CM BOK will be in demand over the next five years,.  
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CHAPTER 3 

 

 RESEARCH METHODOLOGY 

This chapter describes the research methodology of this study along with a rationale for 

the selection.  In addition, the chapter describes in detail the procedures carried out for this 

research.   

Overview 

Since the problem of this study is complex, and somewhat open-ended, the researcher 

decided to use a Delphi panel with the goal of coming to consensus on the problems solution.  A 

Delphi Method is the most appropriate method to solve this type of research problem in situation 

such as this.  The Delphi method was originally developed for an Air-Force sponsored Rand 

Corporation study to obtain the most reliable consensus opinion from a group of experts.  

(Linestone & Turoff, 2002) The Delphi Method is a method for structuring group 

communication process so that the process is effective in allowing a group of individuals to deal 

with a complex problem.  The structured communication comes in rounds of anonymous 

discussion.  A Delphi method gains consensus from a group on future uncertain issues.  It is 

especially useful when expert opinions are geographically dispersed.  The Delphi method has 

been used and endorsed for PhD level graduate projects in multiple disciplines to help forecast 

content and objectives for instructional goals (Skulmoski, Hartman, & Krahan, 2007).  Linstone 

(1978) identified two circumstances where Delphi techniques are most appropriate:  



36 

 

(1) "The problem does not lend itself to precise analytical techniques but can benefit from 

subjective judgments on a collective basis.”  

(2) "Individuals who need to interact cannot be brought together in a face-to-face 

exchange because of time or cost constraints" (Linstone, 1978, p.275).  

The strength of this method lies in the knowledge of the panel of experts.  The experts are 

anonymous so that group dynamics does not play a role in decision-making.  The experts answer 

questions in multiple rounds.  The researcher (Delphi facilitator) provided responses from all 

members of the group to each member.  The purpose of providing responses to all members was 

to build upon one another and eventually form a consensus based on statistical analysis (source). 

Linestone and Turoff (2002) suggested ten contemporary uses: 

1. To gather current and historical data not accurately known or available 

2. To examine the significance of historical events 

3. To evaluate possible budget allocations 

4. To explore urban and regional planning options 

5. To plan university campus and program development 

6. To put together the structure of a model 

7. To delineate the pros and cons associated with potential policy options 

8. To develop causal relationships in complex economic or social phenomena 

9. To distinguish and clarify real and perceived human motivations 

10. To expose and prioritize personal values and social goals 

The researcher conducted this Delphi study in four steps.  The first step was panel 

selection and recruitment and steps two through four comprised the three-round Delphi study.  In 

the first round of the study, panel members received open-ended questions similar to research 
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questions one through four.  During Round Two, the researcher administered a Likert type scale 

survey questionnaire to the panel with responses from question one.  The researcher calculated 

mean and standard deviation for Round Two responses and reorganized the Round Three 

instrument based on the descriptive statistics.  The main goal was to gain consensus on what 

skills and competencies Construction Management professional should possess related to BIM in 

each BOK area.  Figure 6 presents the research steps taken in this Delphi study.   

 

Figure 6. Research Steps for Study 

Step 1 

Panel Selection

(See next section for details)

Step 2

Delphi round one -

Open ended question to form basis for steps 3 and 4

Reseracher sets up survey  to gain initial consensus 
on items that are important

Step 3 

Likert type survey to panel  

Researcher collects mean scores and reorganizes 
information for next survey.  (most important will be 

first and least important last)

Step 4

Likert type survey to panel 

Mean score is calculated for final responses.  
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Population and Sample 

A primary component of a properly executed Delphi study is proper panel selection.  The 

validity of the study rested on the qualifications of the panel of experts participating in the study.  

Selection of not only the size but qualifications of the panel is of paramount importance.  Unlike 

a random survey, the Delphi recognizes experts through their expertise, leading to higher return 

rates from the study (Stitt-Gohdes & Crews, 2004).   

The target population for this study consisted of AEC professionals that use BIM tools 

and plan on maintaining or increasing their BIM usage over the next five years.  During the final 

round of the study, the researcher surveyed demographic information of each panelist to 

understand the demographics of individuals seeking to expand BIM usage.   

Sample size (panel size) varies according to the needs of the study.  Literature indicates 

panel size can range from 11 to 345 (Skulmoski, Hartman, & Krahan, 2007).  Dalkey (1972) and 

Delbecq et al. (1975) indicated that a panel size of 30 provides satisfactory reliability although 

small, homogeneous sample sizes (n = 10 – 15) are common in Delphi panel research (Linstone 

and Turoff 1975; Wilhelm 2001).  More recently research by Hallowell and Gambatese (2010) 

advocate a minimum panel size of 8-12 individuals for construction engineering and 

management research. 

Development of the Delphi Panel Pool 

The researcher used the following steps to develop the panel of experts for this study: 

1. Creation of a Steering Committee – The researcher selected an initial steering 

committee based on national professional organization recommendation as a BIM 

expert.  This nomination was the result of a phone call to each organization and a 

request made to recommend the BIM expert of that respective organization.  The 
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researcher contacted the following professional organizations.  Next to the 

professional organization is the rationale and if participants were identified from the 

agency: 

a.  Associated Schools of Construction (ASC) – Academic perspective, 

identified 2 potential participants 

b. Associated General Contractors (AGC) – General contractor perspective, 

identified 1 potential participants 

c. American Society of Civil Engineers (ASCE) – Engineers perspective, did not 

provide participants 

d. American Institute of Architects (AIA) – Architects perspective, identified 2 

potential participants 

e. National Institute of Building Sciences (NIBS) – Industry leader in BIM 

implementation, identified 2 potential participants  

f. Building Owners and Managers Association (BOMA) – Owners perspective, 

did not provide participants 

g. Construction Management Association of America (CMAA) – Construction 

Managers perspective, yes provided 3 potential participants. 

h. Design Build Institute of America (DBIA) – Overall industry perspective 

i. Construction Owners and Association of America (COAA) – Owners 

perspective, yes provided 2 potential participants. 

j. American Bar Association (ABA) – Legal perspective, did not provide 

participants. 
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k. Associated Builders and Contractors (ABC) – Contractors perspective, did not 

provide participants. 

l. American Society of Professional Estimators (ASE) – Construction estimators 

perspective, did not provide participants. 

m. American Council for Construction Education (ACCE) – Academic 

perspective, did not provide participants. 

2. Creation of Potential Delphi Panel – The researcher asked each steering committee 

member to nominate potential Delphi Panel experts. The researcher compiled this list 

via phone conversations and e-mail correspondence.  Ten potential panel participants 

were identified.    

3. In order to increase panel size, members of BIM related groups were examined via 

LinkedIn.  LinkedIn is an established organization that links people with similar 

professional interests together.  LinkedIn groups including “4D Construction 

Sequencing and Simulation, BIM Experts, Calgary BIM community, CI BIM 

Council, Construction Institute, Construction Management, Field BIM, National 

Association of Construction Professionals, and Sustainable Construction and 

Planning,” individuals pages were examined and identified with minimum criteria 

(described in item 5) and expertise were contacted and asked to participate.  After 

biographical information on LinkedIn met minimum panel criteria the invitation was 

extended to participate, as all other members of the panel.  LinkedIn was used just to 

help further identify potential panel members because of the low response rate from 

contacting professional organizations and individuals referred from such 

organizations.      
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4. Final Delphi Panel Creation – The researcher offered each of the members that met 

the minimum criteria the opportunity to serve on the panel.  Those members that 

failed to meet the minimum criteria, identified in item number 5, were not included 

on the panel (not provided an invitation to participate).  Although the original panel 

creation process was designed to secure representation from academia, architects, 

engineers, construction managers, owners, and attorneys.  Some disciplines declined 

to participate. The final panel did include members from Engineering, Construction, 

Academia, and Owners Group.    

5. The minimum criteria for membership of this panel was verified by the researcher 

either though the phone conversation during nomination or during a review of the 

individuals resume on LinkedIn.  The minimum criteria to be accepted to the panel  

were the following: 

a. Minimum of 8 years Industry or Academic experience or a combination of the 

two. 

b. Minimum of 3 years BIM experience  

c. Membership in a nationally recognized professional organization  

d. Cannot be any person  the individual supervises – individuals from multiple 

firms  

 

Each committee member received a follow-up email with a thank-you, restatement of 

responsibilities, and focus of the research questions.  After the initial steering committee 

members provided names of the potential expanded committee nominees to the researcher, the 

researcher sent an e-mail to the potential steering committee requesting assistance to nominate 

potential panelists.  An attachment with instructions was included.  
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The researcher telephoned or e-mailed the panel nominees and used a script to invite 

them to participate in the study.  If the pool nominee accepted, the researcher and nominee 

exchanged e-mail contact information and the researcher sent a thank you letter with a reminder 

of the requirements and instruction for the Delphi study.  All sample recruitment data is located 

in Appendix A 

Instrumentation 

Round One Instrument 

As advocated by Linesone and Turoff (2002), the Round One instructions and instrument 

(Appendix B) were open-ended questions to help develop the initial list of instructional goals for 

construction managers related to BIM.  Four questions focused on the four areas identified by 

Hildreth and Gehring (2010) as the body of knowledge (BOK) in CM.  These four areas are: cost 

estimating, construction scheduling and control, project administration, and contract document 

knowledge.  A fifth open-ended question asked if any other knowledge was required that was not 

covered above.  The instrument was administered via SurveyMonkey in an online format.     

Round Two Instrument 

As advocated by Linesone and Turoff (2002), Round Two was based on a compilation of 

the Round One responses.  Round One was sorted and organized with duplicates removed; an 

attempt was made to phrase each of the responses as a skill or competency.  The researcher then 

sent the Round Two instructions and instrument (Appendix C) to the panelists.  The instrument 

requested each panelist to rate each skill or competency using the scale: 5 = Critical importance 

= 5, Strong importance = 4, Moderate importance = 3, Slight importance = 2, Little importance = 

1 
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Round Three Instrument 

Prior to sending the Round Three instructions and instrument (Appendix D), the 

researcher reorganized responses from Round Two from most important to least important as 

measured by mean scores and standard deviation.  This provided the panel members feedback 

from previous rounds.  The feedback is necessary in a Delphi study to gain consensus on 

rankings of skills and competencies (Skulmoski, Hartman, & Krahan, 2007).  One of the primary 

premises of a Delphi study is to gain consensus based on controlled feedback so during Round 

Three the panelist were asked to provide a final ranking based on the controlled feedback (mean 

and standard deviation of Round Two scores) from the panel.  In addition, a request for 

demographic information was sent to Delphi panel members this was the only round that 

demographic information (size of firm, type of work completed and work individuals associate 

themselves with) was collected.  The demographic information was collected via SurveyMonkey 

and was included as part of the Round Three instrument.   

Institutional Review Board 

After approval of this proposal from the dissertation committee, the researcher sought out 

Institutional Review Board (IRB) approval at Indiana State University.  This process required 

successful training through the Collaborative Institutional Training Initiative in the areas of IRB 

processes for both the researcher and committee chair.  Once training was complete, the research 

applied for and was granted exemption based on category #2 through the Indiana State 

Institutional Review Board.   
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Data Collection / Analysis  

Round One Data Collection / Analysis 

During Round One, the researcher sent an invitation to participate to participants via e-

mail and the data was collected through SurveyMonkey professional subscription.  Respondents 

received a reminder after the first e-mail was sent out.  The researcher collected data and 

prepared for the next round.  During the first round of data collection, open-ended questions 

identified items that panel members felt were important skills for BIM employees.  These items 

were entered into SurveyMonkey in random order with a Likert type scale for Round Two.    

Round Two Data Collection / Analysis 

During Round Two, the researcher sent an invitation to participate to participants via e-

mail and the data was collected through SurveyMonkey professional subscription.  Panel 

members had fourteen days to take the survey and received a reminder after the first e-mail was 

sent out.  Round One data prepared for Round Two by calculations of mean and standard 

deviation.  Finally, the researcher ranked data by mean score 5 to 1 (highest importance to no 

importance) for Round Three.   

Round Three Data Collection / Analysis 

During Round Three, the researcher sent an invitation to participate to participants via e-

mail and collected the data through SurveyMonkey professional subscription.  The researcher 

provided respondents seventeen days to take the survey and sent reminders three days after the 

first e-mail was sent.  He sent a thank you letter to each of the participants.  The researcher 

collected and prepared data for closing chapters. The researcher ranked Round Two data by 

mean score 5 to 1 (highest importance to no importance) for Round Three.  Included in Round 

Three were mean and standard deviation scored from Round Two.     
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Methodology to Answer Research Questions 

For research questions 1 to 7, the researcher used the Delphi study panel to reach 

consensus and identify answers.  The results section of this study summarizes the extrapolated 

information. The researcher questions were:  

Research Question 1: In five years, what BIM skills and competencies related to cost 

estimating will construction management professionals need to possess  

Research Question 2:  In five years, what BIM skills and competencies related to 

construction scheduling and control will construction management professionals need to 

possess?   

Research Question 3: In five years, what BIM skills and competencies related to project 

administration will construction management professionals need to possess? 

Research Question 4: In five years, what BIM skills and competencies related to contract 

document knowledge will construction management professionals need to possess?  

Research Question 5:  In five years, what BIM skills and competencies not related to 

previous questions will construction management professional need to possess.   

Research Question 6: In five years what will be the descriptors of construction 

management professionals seeking to increase BIM usage  

Research Question 7: In five years what will be the descriptors of construction 

management firm seeking to increase BIM usage  

Research Question 8: Are there any statistical significant differences in how future BIM 

skills and competencies rate in importance among construction professionals?  To answer this 

research question and complete ANOVA testing, the researcher calculated the average rating in 

four major categories (BOK) for construction managers.  He used grouping for cost estimating, 
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scheduling, project administration, and contract documents.  He compared the average scored for 

each group to the positions of engineering, construction, and academia.  The researcher 

conducted a second ANOVA and compared the grouping to yearly revenue.  A third ANOVA 

compared type of AEC work to the groupings.   

The researcher created a scale for construction estimating skills and competencies using 

responses from Question 1 of the study.  Then, he averaged the results reported by the 18 

participants.  The scale, calculated using Chronbach’s Alpha had high reliability (α = .976).  

The researcher created a scale for scheduling and control skills and competencies using 

responses from Question 2 of the study and averaged the results reported by the 18 participants.  

The scale, calculated using Chronbach’s Alpha had high reliability (α = .961).  

The researcher created a scale for project administration skills and competencies using 

responses from Question 1 of the study and averaged the results reported by the 18 participants.  

The scale, calculated using Chronbach’s Alpha had high reliability (α = .958).  

The researcher created a scale for contract document skills and competencies using 

responses from Question 1 of the study and averaged the results reported by the 18 participants.  

The scale, calculated using Chronbach’s Alpha had high reliability (α = .969).  
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CHAPTER 4 

 

RESULTS 

The purpose of this study was to identify the skills and competencies related to BIM 

required by construction managers in five years.  To accomplish this objective, a panel of BIM 

experts identified and rated the skills and competencies through three iterations of a Delphi 

survey.  This chapter presents the results of each round of the study.  Tables are included 

showing the results of each question during each round.    

Results of Round One Delphi Panel Survey 

The researcher emailed the Round One letter of instruction and instrument (Appendix B) 

to all panel members (N = 20) on February 2, 2014.  The researcher sent three reminders on 

February 5, 2014, February 13, 2014, and February 18, 2014, respectively.  The Round One 

survey closed after February 21, 2014.   

The researcher divided the Round One instrument into sub-instruments.  Each sub-

instrument included open-ended questions related to each sub-instrument topic.  The sub-

instruments are based on Body of Knowledge (BOK) for Construction Manager by Hildreth and 

Gilther (2010).  The BOK included the following categories: cost estimating, construction 

scheduling and control, project administration, contract documents, and other skills.   

Once the researcher received all responses from the panel, he reviewed them and 

consolidated similar responses to avoid redundancy.  Each item was written as a possible task or 
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learning objective to increase the practicality of this research.  All 20 Round One panelists 

answered each question and after consolidation and editing, the researcher prepared 329 items 

for Round Two.  The researcher organized round one responses into tables by research question 

in Appendix E.   

 

Results of Round Two Delphi Panel Survey 

The researcher emailed the Round Two letter of instruction and instrument (Appendix C) to 

all panel members (N = 20) on February 26, 2014.  He forwarded three reminders on March 3, 

2014, March 6, 2014, and March 9, 2014 respectively.  The final response data was received on 

March 11, 2014, and data analysis began on March 12, 2014.  The time to collect the Round Two 

responses was 14 days, inclusive of February 26 and March 11. 

The initial Round Two Delphi panel consisted of 20 members.  Of the 20, one participant 

was non-responsive during this round, leaving 19 responses.  Each panelist rated each skill or 

competency identified in Round One using the following anchored scale: 5 = critical 

importance; 4 = strong importance; 3 = moderate importance; 2 = slight importance; and 1 = 

little importance.     

Once ranking was complete, the researcher calculated the mean (M) and standard deviation 

(SD) and exported data from SurveyMonkey into Excel and SPSS.  He ordered the skills and 

competencies from highest mean score to lowest mean score.  If mean scored tied, the researcher 

used standard deviation to rank items. The researcher organized round two responses into tables 

by research question in Appendix F.     
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Results of Round Three Delphi Panel Survey 

The  researcher emailed the Round Three letter of instruction and instrument (Appendix D) 

to all panel members (N = 20) on March 12, 2014. The researcher sent three reminders on March 

19, 2014, March 23, 2014 and March 27, 2014, respectively.  Round Three responses were not 

accepted after March 29, 2014 and the following day was the first day of Round One data 

analysis.  The time to collect the Round Three responses was 17 days inclusive of March 13 and 

March 29.   

The initial Round Three Delphi panel consisted of 20 members.  Of the 20, two participants 

were non-responsive during this round leaving 18 responses (n=18).  The primary purpose of 

Round Three was to move to final consensus on the rankings of each skill or competency.  Each 

panelist for Round Three received the mean and standard deviation score from Round Two and 

was asked to reflect on what they feel would be an appropriate ranking based on the group 

scores.  This controlled feedback is required of a Delphi study and is a how the panel moves 

towards consensus on the issues.  The panel rated each skill or competency, for all questions, 

using the following anchored scale: 5 = critical importance; 4 = strong importance; 3 = 

moderate importance; 2 = slight importance; and 1 = little importance.  

The instrument items for round three were placed in descending order from highest mean to 

lowest mean score from round two.  In the case of a tie in mean score, the researcher used 

standard deviation to rank the items.  Since round three responses show consensus the findings 

are presented within this chapter.  The most important skills and competencies, those above 3.5 

(higher than moderate importance) are included in the following section and are identified by 

individual research question.  The complete round three data was organized into tables by 

research question in Appendix G. 
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Research Question 1 

Table 1 shows the cost estimating skills and competencies related to BIM and needed by a 

construction manager in five years above a mean score of 3.5 identified during round three of the 

Delphi study.   

Table 1. BIM Related Cost Estimating Skills and Competencies Needed by Construction 

Managers in Five Years 

Cost estimating skill or competency with Round Two scores M SD 

BIM model-based quantity takeoff (and verification) M = 4.42 SD =  

0.77 

4.33 0.77 

Understanding "hidden" materials needed for construction that are not 

well modeled in BIM M = 4.37 SD =  1.07 

4.22 0.65 

Ability to competently work with BIM software associated with the 

industry M = 4.37 SD =  0.76 

4.11 0.68 

Able to validate model accuracy M = 4.05 SD =  1.13 4.00 0.91 

Interrogate models (confederation and linking / Mashable software 

fluency / Manipulate multidisciplinary model) M = 4.26 SD =  0.81 

3.94 0.73 

Reading and understanding BIM design on screen without the need for 

printed drawings M = 4.21 SD =  0.85 

3.94 1.00 

Measurements directly from a BIM model M = 4.05 SD =  0.78 3.94 0.64 

Understanding project risks M = 3.89 SD =  1.10 3.94 0.73 

Develop estimate using BIM software M = 4.37 SD =  0.83 3.89 1.02 

Conceptualize / understand the BIM process M = 4.32 SD =  0.95 3.89 0.96 

Collaborative skills M = 4.11 SD =  1.20 3.89 1.02 

Traditional construction installation methods / assemblies / processes 

(real world, “hands-on”) M = 4.05 SD =  0.91 

3.89 0.83 

Create accurate models M = 4.00 SD =  1.20 3.89 0.90 

Extracting properties of BIM elements M = 4.00 SD =  0.82 3.89 0.47 

Model analysis for accuracy M = 4.00 SD =  1.20 3.83 0.79 

Same theoretical skills currently required M = 4.00 SD =  0.94 3.83 0.71 

Identification of quantities that are most meaningful to track at the 

jobsite (ex. Cost per cu yd. or cost per Sq. Ft.) M = 3.95 SD =  0.78 

3.83 0.62 

Interpersonal skills M = 3.74 SD =  1.33 3.83 1.04 

Data Management for BIM M = 4.21 SD =  0.98 3.78 0.81 

Model sorting and filtering M = 4.11 SD =  0.57 3.78 0.81 

Create schedules / quantities into desired work quantities by trades M = 

4.05 SD =  0.71 

3.78 0.94 
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Table 1 (continue). BIM Related Cost Estimating Skills and Competencies Needed by 

Construction Managers in Five Years 

 

Communicating model detailing requirements with specialty contractors 

M = 4.05 SD =  0.62 

3.78 0.81 

Traditional methods for estimating labor and equipment rates M = 3.79 

SD =  0.98 

3.78 0.65 

Teamwork skills M = 3.84 SD =  1.38 3.72 0.96 

Manipulate multidisciplinary model M = 4.05 SD =  0.71 3.71 0.77 

Joining and relating tables from the model with estimating databases M 

= 4.00 SD =  0.75 

3.67 0.59 

Viewing element properties M = 3.89 SD =  0.99 3.67 0.59 

Model item naming conventions M = 3.89 SD =  1.05 3.67 0.84 

Creating / modifying schedules of BIM elements M = 4.05 SD =  0.85 3.61 0.61 

Understand temporary construction M = 3.79 SD =  0.92 3.61 0.85 

Turn BIM models into work based structure (WBS) M = 3.58 SD =  

1.07 

3.61 0.85 

Past project performance to supports productivity and costs M = 3.89 

SD =  1.05 

3.56 0.98 

Filtering and isolating model elements M = 3.79 SD =  0.79 3.56 0.78 

Current related topics that are taught in traditional Construction 

Management programs M = 3.79 SD =  0.85 

3.56 0.78 

Traditional knowledge in creation of a bid estimate M = 3.68 SD =  1.06 3.56 0.86 

Know what indirect and overhead costs are M = 3.32 SD =  1.20 3.56 0.92 

Populate information in the model M = 3.74 SD =  1.05 3.50 0.86 

Change management using BIM M = 3.74 SD =  1.05 3.50 0.99 

Traditional quantity take-off calculations M = 3.42 SD =  1.12 3.50 1.10 

Traditional print reading M = 3.32 SD =  1.16 3.50 0.99 

 

Research Question 2 

Table 2 shows the scheduling and control skills and competencies related to BIM and 

needed by a construction manager in five years above a mean score of 3.5 identified during 

round three of the Delphi study.   
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Table 2. BIM Related Scheduling and Control Skills and Competencies Needed by Construction 

Managers in Five Years 

Scheduling and control skill or competency with Round Two scores M SD 

Knowledge of construction sequencing and installation details M =  4.42 SD =  

0.61 

4.72 0.57 

Ability to competently work with BIM software associated with the industry M 

=  4.42 SD =  0.90 

4.61 0.70 

Theory of scheduling M =  4.37 SD =  0.68 4.44 0.70 

Using software to accurately portray and simulate the events - not simply to 

show an animation M =  4.21 SD =  0.71 

4.39 0.70 

Construction methodology and processes M =  4.21 SD =  0.85 4.39 0.61 

Construction activity dependence (predecessor / successor activities) M =  4.32 

SD =  0.67 

4.33 0.69 

Current related topics that are taught in traditional Construction Management 

programs M =  4.17 SD =  0.92 

4.17 0.51 

Critical Path Method scheduling M =  4.05 SD =  0.85 4.17 0.86 

Logic for scheduling M =  4.16 SD =  0.69 4.06 0.73 

Breaking up model elements M =  4.16 SD =  0.76 4.06 0.64 

Collaboration skills between model makers and schedulers M =  4.05 SD =  

0.91 

4.06 0.94 

Sync and incorporate BIM model changes into 4D Phasing/simulation M =  

4.00 SD =  0.94 

4.00 0.77 

Interpersonal communication skills M =  4.00 SD =  1.25 3.89 1.08 

Creation of 4D Phasing/simulation/ work processes M =  3.95 SD =  0.97 3.89 0.58 

Construction sequencing / construction processes / “hands-on” traditional 

knowledge M =  3.89 SD =  0.94 

3.89 0.47 

How to break up and align BIM models to corresponding construction 

activities M =  4.00 SD =  0.88 

3.83 0.79 

Understand and use BIM databases M =  3.95 SD =  1.08 3.83 0.71 

Understand material flow M =  4.00 SD =  0.75 3.78 0.73 

Update the schedule when BIM model changes M =  3.89 SD =  1.10 3.78 0.55 

Accurately modeling the construction process in BIM M =  3.89 SD =  0.88 3.72 0.67 

Correlating BIM elements with related construction methods M =  3.84 SD =  

0.76 

3.72 0.57 

Use of BIM to plan work activities and avoid conflicts of work interest M =  

3.95 SD =  1.03 

3.67 0.69 

Read existing schedule M =  4.00 SD =  1.05 3.61 1.33 
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Table 2 (continue). BIM Related Scheduling and Control Skills and Competencies Needed by 

Construction Managers in Five Years 

 

Interrogate models (confederation and linking / Mashable software fluency / 

automatically linking items to a schedule/ Multidisciplinary model 

coordination) M =  3.89 SD =  0.94 

3.61 0.78 

Breakdown of building systems by trades and specialty M =  3.84 SD =  0.83 3.61 0.70 

BIM export for scheduling 4D M =  3.89 SD =  1.05 3.56 0.62 

Real world experience for correctly estimating M =  3.74 SD =  1.19 3.56 0.78 

Theoretical scheduling techniques M =  3.53 SD =  0.90 3.56 0.62 

Scheduling theory applied to BIM M =  3.63 SD =  1.16 3.53 0.62 

Gantt chart scheduling M =  3.74 SD =  0.81 3.50 0.71 

 
 
Research Question 3 

Table 3 shows the project administration skills and competencies related to BIM and 

needed by a construction manager in five years above a mean score of 3.5 identified during 

round three of the Delphi study.   

Table 3.BIM Related Project Administration Skills and Competencies Needed by Construction 

Managers in Five Years 

Project administration skills or competency with Round Two scores M SD 

Knowledge of construction processes M =  4.42 SD =  0.69 4.72 0.67 

Understand liability of sharing models and willingness to collaborate M =  

4.11 SD =  0.81 4.59 0.62 

Virtual team collaboration tools (distance communication skills) M =  

4.32 SD =  0.75 4.56 0.70 

Ability to competently work with BIM software associated with the 

industry M =  4.32 SD =  0.82 4.56 0.78 

BIM-based constructability review M =  4.16 SD =  1.01 4.50 0.71 

Integration of BIM into traditional contracts M =  4.26 SD =  0.93 4.44 0.70 

Interpersonal skills related to BIM communication M =  4.00 SD =  0.94 4.29 0.77 

Model ownership knowledge M =  4.16 SD =  0.90 4.28 0.89 

Design - Build theory and practice M =  4.00 SD =  1.05 4.28 0.75 

Use of BIM to identify and analyze risk during preconstruction M =  3.95 

SD =  0.97 4.11 0.76 

BIM-based field coordination M =  3.89 SD =  0.88 3.94 0.54 
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Table 3 (continue).BIM Related Project Administration Skills and Competencies Needed by 

Construction Managers in Five Years 

 

Integrated Project Delivery theory and practice M =  3.95 SD =  1.18 3.89 0.83 

Perform "what if" scenarios to the risks being evaluated in BIM model M 

=  3.95 SD =  1.03 3.89 0.47 

Quality assurance / Quality control theory M =  3.79 SD =  0.79 3.89 0.58 

BIM-based contract drafting, execution and compliance   management M 

=  3.68 SD =  0.82 3.83 0.51 

BIM-based field compliance M =  3.84 SD =  0.90 3.78 0.65 

Complete as-built in BIM model while work is progressing M =  3.78 SD 

=  0.88 3.78 0.73 

Using BIM to prefabricated assemblies M =  3.63 SD =  1.12 3.78 0.73 

Legal pitfalls of BIM M =  3.89 SD =  0.81 3.72 0.67 

Punch list applications that use the BIM model M =  3.84 SD =  0.96 3.72 0.67 

BIM-based RFI M =  3.79 SD =  1.13 3.72 0.67 

Current related topics that are taught in traditional Construction 

Management programs M =  3.74 SD =  0.93 3.72 0.75 

Construction progress tracking in field M =  3.74 SD =  0.87 3.72 0.57 

Identify safety risks through BIM model M =  3.63 SD =  1.07 3.67 0.69 

Metadata and information assurance M =  3.58 SD =  1.02 3.65 0.61 

Understand and use BIM databases M =  3.84 SD =  1.21 3.61 0.70 

Skills with 4D simulation and schedule control M =  3.79 SD =  1.18 3.61 0.85 

Comparing actual vs. planned properties for BIM elements M =  3.68 SD 

=  0.89 3.61 0.70 

Traditional (“hands-on”) knowledge for application to construction 

assemblies for modeling M =  3.68 SD =  0.95 3.56 0.51 

Document in a 3D environment issues and concerns related to quality 

assurance / control M =  3.68 SD =  1.11 3.56 0.62 

Public Private Partnership theory and practice M =  3.58 SD =  1.22 3.56 0.98 

Material tracking for quality assurance / control M =  3.58 SD =  0.69 3.56 0.70 

Contract law M =  3.47 SD =  0.84 3.56 0.51 

Ability to function within integrated decision making systems and full 

engagement with systems thinking M =  3.63 SD =  0.96 3.50 0.79 

Construction law M =  3.58 SD =  0.90 3.50 0.71 

Capturing element exceptions and issues in a model related to risk M =  

3.53 SD =  0.90 3.50 0.62 
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Research Question 4 

Table 4 shows the contract document skills and competencies related to BIM and needed 

by a construction manager in five years above a mean score of 3.5 identified during round three 

of the Delphi study. 

Table 4. BIM Related Contract Document Skills and Competencies Needed by Construction 

Managers in Five Years 

Contract document skill or competency with Round Two scores M SD 

Traditional contract knowledge / process / methods M =  3.95 SD =  0.85 4.44 0.70 

Traditional construction installation methods / assemblies / processes 

(real world, “hands-on”) M =  3.84 SD =  0.96 4.24 0.97 

Model-based quantification M =  3.89 SD =  1.13 4.11 1.18 

BIM-based supply chain management M =  3.84 SD =  0.76 4.11 0.96 

Linking BIM elements to construction materials and services M =  3.79 

SD =  0.79 4.06 1.03 

Ability to competently work with BIM related contract document 

software associated with the industry M =  3.78 SD =  0.94 3.94 0.80 

Using BIM to develop bill of materials (material list for procurement) M 

=  3.79 SD =  1.08 3.89 1.23 

Creating schedules of BIM elements M =  3.84 SD =  1.01 3.83 1.29 

Correlating BIM elements with related construction methods M =  3.74 

SD =  0.87 3.83 0.71 

Extracting properties of BIM elements M =  3.74 SD =  0.99 3.78 0.88 

Use model to communicate risk M =  3.63 SD =  1.30 3.78 0.81 

BIM- based pre-fabrication M =  3.63 SD =  1.07 3.78 0.94 

Use of BIM Model to enhance the submittal and manufacturing process 

M =  3.58 SD =  0.96 3.78 0.81 

BIM-based modular construction M =  3.63 SD =  1.07 3.72 1.07 

Use of BIM to create material lists / quantity take off M =  3.58 SD =  

1.26 3.67 0.77 

BIM-based overhead coordination M =  3.50 SD =  1.25 3.56 0.92 

Modifying schedules of BIM elements M =  3.68 SD =  0.95 3.50 0.92 

Using BIM to create procurement documents M =  3.47 SD =  0.90 3.50 0.92 
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Research Question 5 

Table 5 shows the other skills and competencies related to BIM and needed by a 

construction manager in five years above a mean score of 3.5 identified during round three of the 

Delphi study.  

Table 5. BIM Related Other Skills and Competencies Needed by Construction Managers in Five 

Years 

Other skills or competencies not included in another question with Round 

Two scores 
M SD 

Written communication M =  4.58 SD =  0.61 4.72 0.57 

Ethics M =  4.58 SD =  0.61 4.67 0.59 

Interpersonal skills M =  4.58 SD =  0.69 4.61 0.70 

Verbal communication M =  4.53 SD =  0.70 4.61 0.61 

Leadership M =  4.47 SD =  0.70 4.56 0.62 

Ability to use the BIM model as a decision making tool M =  4.47 SD =  

0.61 
4.50 0.71 

Presentation skills M =  4.37 SD =  0.83 4.33 0.69 

Fundamental curriculum for Construction Managers as a prerequisite for 

BIM M =  4.37 SD =  0.68 
4.00 0.84 

Ability to quickly adapt to the new roles and responsibilities that comes with 

the use of BIM M =  4.32 SD =  0.75 
4.00 0.69 

Technical computer skills M =  4.16 SD =  0.76 3.89 0.68 

Prefabrication using BIM M =  4.00 SD =  1.00 3.72 0.96 

BIM with mobile devices and cloud computing M =  4.32 SD =  0.75 3.67 0.69 

Updates in software and changes in industry / further build on Mashable 

software applications / software fluency for discipline M =  4.11 SD =  1.20 
3.61 0.70 

Understanding the type of computer hardware and software needed to use 

and manage a BIM Model M =  3.84 SD =  1.01 
3.50 0.99 
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Research Question 6 

Table 6 shows the descriptors of construction manager seeking to increase BIM usage in 

five years above a mean score of 3.5 identified during round three of the Delphi study.  .   

Table 6. Descriptors of Construction Managers Seeking to Increase BIM Usage in Five Years 

Descriptor of individual seeking to increase BIM usage with Round Two 

scores 
M SD 

Teamwork mentality M =  4.32 SD =  0.75 4.67 0.77 

Motivated M =  4.37 SD =  0.83 4.65 0.61 

Managers and Principals interested in making a difference M =  4.33 SD 

=  0.77 
4.56 0.86 

Those who see the project stakeholders as team players and not 

antagonists M =  4.32 SD =  0.95 
4.50 0.86 

Ready for change M =  4.21 SD =  0.85 4.39 0.85 

Those used to look for new way to deliver better projects every time M =  

4.16 SD =  0.90 
4.06 0.97 

Leaders M =  4.05 SD =  0.85 4.06 1.00 

Not those entrenched in "old ways of doing business" M =  4.11 SD =  

1.10 
3.94 1.16 

Cutting edge M =  4.00 SD =  0.82 3.83 0.79 

Individuals with a willingness to develop a career in Construction 

Management M =  3.84 SD =  1.07 
3.67 0.69 

Younger individuals with training from veterans in construction processes 

M =  3.84 SD =  0.90 
3.56 0.70 

Looking to reduce costs (cost conscience) M =  3.79 SD =  1.08 3.50 0.62 
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Research Question 7 

Table 7 shows the descriptors of construction manager seeking to increase BIM usage in 

five years ranked above a mean score of 3.5 identified during round three of the Delphi study.   

Table 7. Descriptors of Construction Management Firms Seeking to Increase BIM Usage in Five 

Years 

Descriptor of firms seeking to increase BIM usage with Round Two scores M SD 

Upper management support M =  4.84 SD =  0.50 4.83 0.51 

Willingness to provide BIM education to firms M =  4.26 SD =  0.93 4.72 0.75 

Willing to investment in training and software/hardware M =  4.21 SD =  

0.79 
4.61 0.85 

Firms that see how BIM will provide a return on investment when utilized 

(ROI-driven) M =  4.21 SD =  0.71 
4.56 0.78 

Firms that work with owners requiring BIM M =  4.11 SD =  1.10 4.39 0.78 

Complex construction firms M =  3.95 SD =  1.13 4.06 1.11 

Influence / ability to work with the design team M =  3.95 SD =  1.03 3.89 0.83 

Specialty firms M =  3.95 SD =  1.13 3.83 1.04 

AEC contractors looking to expand their proficiency and work with more 

modular construction M =  3.84 SD =  1.01 
3.78 0.65 

Hospital construction firms M =  3.89 SD =  1.15 3.67 0.84 

AEC mechanical contractors looking to expand their proficiency and work 

with more modular construction M =  3.84 SD =  1.01 
3.67 0.59 

School construction firms M =  3.84 SD =  1.07 3.61 0.78 

Large revenue firms (over 50 million USD per year) M =  3.58 SD =  0.84 3.50 0.71 

 
 

Research Question 8 

Are there any statistical significant differences in how future BIM skills and competencies - 

rank in importance among construction professionals?  

To answer the research question, the researcher performed three One-Way Analysis of 

Variance (One-Way ANOVA) calculations using the following variables: panel ranking of skills 

and competencies and roles in industry, panel ranking of skills and competencies and type of 

AEC work, and panel ranking of skills and competencies and yearly revenue.  Please note that 

due to the small n-value the ANOVA calculations were limited in validity.  The researcher 
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calculated a One-Way ANOVA only for groups that had more than two members, so some 

groups were excluded from the calculations.   

Panel Ranking of Skills, Competencies, and Roles in Industry 

There was only one relationship that demonstrated a significant difference in the 

perception of the importance of cost estimation skills based on the three positions held by the 

panel members (F(2,14) = 4.139, p = .039).  The researcher performed a Post-Hoc Tuckey HSD 

test to determine the differences between the groups as shown in Table 8. A significant 

difference in perception was found among panel members based on their academic and 

engineering roles (p = .039). There was no statistical significant difference in perception among 

panel members based on their academic and construction roles or their construction and 

engineering roles, respectively (p = .634 and p = .064). 

Table 8. One-Way ANOVA on Cost-Estimating Based on Role in Industry 

 Sum of Squares df Mean 

Square 

F Sig. 

Between Groups 1.652 2 .826 4.139 .039 

Within Groups 2.794 14 .200   

Total 4.447 16    

 

There is no significant difference in the perception of the importance of scheduling and 

control skills and competencies among the three positions, F(2,14) = .650, p = .537.  

There is no significant difference in the perception of the importance of project 

administration skills and competencies among the three positions, F(2,14) = 1.346, p = .292.  
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Panel Ranking of Skills, Competencies, and Type of AEC work 

There is no significant difference in the perception of the importance of construction 

estimating skills and competencies based on the type of AEC work performed: F(2,13) = .484, p 

= .627.  

There is no significant difference in the perception of the importance of scheduling and 

control skills and competencies based on the type of AEC work performed: F(2,15) = .869, p = 

.442.  

There is no significant difference in the perception of the importance of project 

administration skills and competencies among the type of AEC work performed: F(2,15) = 1.217, 

p=.328.  

There is no significant difference in the perception of the importance of contract 

document skills and competencies among the type of AEC work performed: F(2,15) = .1.119, 

p=.356.  

There is no significant difference in the perception of the importance of construction 

estimating skills and competencies among the yearly revenue of the firms: F(4,14) = 1.497, 

p=.275.  

There is no significant difference in the perception of the importance of scheduling and 

control skills and competencies among the yearly revenue of the firms: F(4,14) = .869, p = .275.  

There is no significant difference in the perception of the importance of project 

administration skills and competencies based on the yearly revenue of their firms: F(4,14) = 

1.427, p = ..295.  
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There is no significant difference in the perception of the importance of contract 

document skills and competencies based on the yearly revenue of the firms: F(4,15) = 1.097, p = 

.410.  

 

Demographic Information 

In the closing round, the researcher collected additional demographic information to 

provide a better understanding of panelists’ roles, location and description of roles within the 

architecture, engineering and construction industry.  As seen in Table 9 to 12, a majority of the 

participants active during round three of this study associate themselves with the construction 

industry, are working in commercial construction projects, come from diverse firm revenue and 

are representative of most areas of the United States of America.     

Table 9. Demographics of Position / Role as Expert in BIM Field 

Position/Role Response Percent Response Count 

Engineering 11.1 2 

Construction 61.1 11 

Academia 22.2 4 

Owners Group  5.6 1 

 
Table 10. Types of AEC Work with which Experts Associate Themselves 

Type of AEC Performed Response Percent Response Count 

Commercial 55.6 10 

Heavy and highway 11.1 2 

Infrastructure 5.6 1 

Residential 5.6 1 

All area 22.2 4 
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Table 11. Yearly Revenue of Firms 

Annual Volume of Work Response Percent Response Count 

Less than $1,000,000  per year 16.7 3 

$1,000,000 - $5,000,000 16.7 3 

$5,000,000 - $30,000,000 16.7 3 

$30,000,000 - $500,000,000 22.2 4 

$500,000,000 - $1,000,000,000 0.0 0 

Over $1,000,000,000 11.1 2 

Not reported 16.7 3 

 

Table 12. Areas of United States in which Experts Primarily Work 

When working in the United States; which region do primarily work? 

Answer Options 
Response 

Percent 

Response 

Count 

1.  New England (Maine, New Hampshire, Vermont, 

Massachusetts, Rhode Island, Connecticut) 
16.7 3 

2.  Middle Atlantic (New York, New Jersey, Pennsylvania) 16.7 3 

3.  East North Central (Ohio, Indiana, Illinois, Michigan, 

Wisconsin) 
5.6 1 

4.  West North Central (Minnesota, Iowa, Missouri, North 

Dakota, South Dakota, Nebraska, Kansas) 
16.7 3 

5.  South Atlantic (Delaware, Maryland, District of Columbia, 

Virginia, West Virginia, North Carolina, South Carolina, 

Georgia, Florida) 

11.1 2 

6.  East South Central (Kentucky, Tennessee, Alabama, 

Mississippi) 
0.0 0 

7.  West South Central (Arkansas, Louisiana, Oklahoma, 

Texas) 
0.0 0 

8.  Mountain (Montana, Idaho, Wyoming, Colorado, New 

Mexico, Arizona, Utah, Nevada) 
5.6 1 

9.  Pacific (Washington, Oregon, California, Alaska, Hawaii) 27.8 5 
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CHAPTER 5 

 

CONCLUSIONS AND RECOMMENDATIONS 

Summary 

The primary purpose of this study was to identify skills and competencies related to BIM 

that Construction Managers need to possess in order to have gainful employment and further 

their career in five-years.  The study’s primary objective was achieved using a Delphi panel of 

BIM related experts from the architecture, engineering and construction industry as well as 

members of academia.   Delphi panel members responded to the focus question, “What skills and 

competencies related to BIM will Construction Managers be required to possess to have gainful 

employment and further their career in five years?”  The researcher used a construction body of 

knowledge to categorize the information.  In addition, the researcher created two additional 

categories asking experts for skills that construction managers and construction management 

firms will have to possess in five years to further BIM usage.   

Methodology  

 The target population for this Delphi study was construction managers who plan to use 

BIM in the next five years.  The Delphi panel criteria included eight years industry experience, 

three years of BIM experience, and affiliation with a professional organization.  The primary 

mechanism for nomination was phone solicitation of professional organizations or affiliation of a 

BIM expert with a professional group recognized on LinkedIn.  The panel for Rounds One, Two, 
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and Three consisted of 20, 19 and 18 respondents respectively.  The Round Three panel 

consisted of two engineers, 11 construction personnel, four academic and one member of an 

owners group.   

Although all three panels consisted of the same members, only during Round Three did 

the researcher survey demographics for type of work, size of firm, and area of experience.  The 

demographic results during Round Three included 10 Commercial, two Heavy and Highway 

personnel, one infrastructure person, one residential worker and four who were involved in all 

areas of construction.  The yearly revenue of firms that the panel works for are as follows: three 

in firms earning less than 1 million (USD), three earning 1 to 5 Million (USD), three earning 5 to 

30 Million (USD), four earning 30  to 500 Million (USD) and two earning over 1 Billion (USD).  

All 18 Round Three panel members indicated they complete work in the United States with one 

response stating “around the globe” and another stating “Europe / USA”.  While working in the 

United States, panelists indicated that three members work in the New England area, three in the 

Middle Atlantic area, one in the East North Central area, three in the West North Central area, 

two in the South Atlantic area, one in the Mountain area, and five in the Pacific area.    

 The researcher developed three rounds of survey instruments based on Hildreth and 

Gehrig (2010) Body of Knowledge for construction managers.  The Round One survey was 

broken into seven different parts with guiding questions and prompts in each of the BOK areas.  

The seven areas included cost estimating, scheduling and control, project administration, contract 

documents, other skills, descriptors of construction managers, and descriptors of construction 

management firms seeking to increase BIM usage.   

The Round Two instrument compiled the responses to the guiding questions related to 

each of the areas and developed a Likert type scale asking the panel members to rank each skill / 
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competency.  They used the following scale: 5 = critical importance; 4 = strong importance; 3 = 

moderate importance; 2 = slight importance; and 1 = little importance.  The Round Three 

instrument was developed based on responses from Round Two and ranked the items based on 

mean and standard deviation response scores from Round Two.  The items were listed highest to 

lowest score. The researcher provided panelists the scores from Round Two and asked them to 

commit to a final ranking.  

Summary of Findings 

Overview 

The primary purpose of this study was to engage the consensus opinions of Delphi panel 

of experts to determine the  BIM related skills and competencies needed by Construction 

Managers in the next five years,   During the three rounds of this Delphi study, participants 

identified skills and competencies required by construction managers related to BIM.  To rate the 

degree of importance, the researcher calculated the mean score and standard deviation between 

rounds and provided the information to panelists as feedback for the following rounds.  Mean 

score is the average response score from the panel.  Standard deviation measures how close to 

the mean score the responses were.  A high standard deviation score constitutes a low degree of 

consensus and a low standard deviation would result in a higher level of consensus.   

Round One 

 The Round One instrument was based on Hildreth and Gehrig’s (2010) research 

regarding a common body of knowledge (BOK) for construction engineering and construction 

management (CM) programs.  The BOK falls into four categories with multiple sub categories in 

each section.  During Round One, the participants were asked 29 open ended questions.  The first 

category, cost estimating, had seven subcategory questions.  The second category, construction 
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scheduling and control, had six subcategory questions.  The third category, project 

administration, had eight subcategory questions.  The fourth category, contract documents, had 

five subcategory questions.  These subcategories helped define the main category and 

subcategories were eliminated in later rounds.   

The researcher asked panel members three additional questions, which constituted their 

own categories.  These questions included identification of other skills and competencies not 

included in the BOK and demographic descriptors of firms and individuals seeking to increase 

their BIM usage in the next five years.  Only during Round Three were participants asked firm 

size and type of work performed.     

Round Two 

 In Round Two, the researcher reduced the original Round One instrument with 29 

questions to seven sub-instruments.  The original four BOK areas identified constituted the first 

questions, one question was other skills not identified by the BOK, and the remaining two 

questions asked for firm and individual construction manager descriptors seeking to increase 

BIM usage.  The researcher compiled all of the responses from Round One into one of the seven 

respective sub-instruments and used a Likert ranking for each skill, competency or descriptor.    

Round Three 

 In Round Three, the researcher calculated the responses from mean and standard 

deviation scores for each item in the seven sub-instruments.  The Round Three instrument 

provided the panelist a ranking by mean and standard deviation based on Round Two results.  

The skills and competencies were ranked from highest to lowest and included the mean and 

standard deviation score from Round Two.  The purpose of this was twofold: (1) panel members 

could review their personal views compared to the mean score and decide if a difference exists; 
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and (2 to help move towards a consensus of what skills are important.  Similar to Round Two, 

panel members rated skills and competencies based on a 5-point Likert scale.  Similar to Round 

Two, the researcher calculated mean and standard deviation for each skill and competency and 

sorted them from most to least important. 

Conclusions and Discussions 

Skills and Competencies Identified 

The Delphi study identified the skills and competencies required of a construction 

manager in five years related to BIM (see Chapter 4).  The researcher demonstrated a movement 

towards consensus by a reduction or leveling of standard deviation between Round Two and 

Three. Table 38 presents the skills and competencies with mean rating scores of 3.5 and above as 

compiled in Round Three.  This list constitutes the most important skills and competencies 

needed by construction managers in the next five years.  Duplicated items from multiple bodies 

of knowledge are indicated with an “*”, depending on how many times that item appeared on the 

list. 

In the following paragraphs, the researcher provides discussion on the top five skills or 

competencies from each research question and his interpretation of the results.  

In concluding research question one; the Delphi panel identified 78 skills and 

competencies in the area of cost estimating.  The top five highest scores as measured by mean 

and standard deviation are: 

1. BIM model-based quantity takeoff and verification (M = 4.33, SD = 0.77),  

2. Understanding "hidden" materials needed for construction that are not well modeled 

in BIM (M = 4.22, SD = .65),  
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3. Ability to competently work with BIM software associated with the industry (M = 

4.11, SD = 0.68),  

4. Ability to  validate model accuracy (M = 4.00, SD =  .91)  

5. Interrogate models; confederation and linking / mashable software fluency / 

manipulate multidisciplinary model (M = 3.94, SD = 0.73).   

Of the top five, two are not explicitly BIM specific skills but rather prerequisite skills 

required to complete a BIM model.  Understanding hidden materials and validation of model 

accuracy will require the construction manager to understand how the project is actually put 

together, the “hands-on” component of construction.  This is what the researcher considers 

“traditional” construction management education.  In examining the highest scoring item, BIM 

quantity take-off and verification, this skill requires both BIM knowledge to use the computer 

model to complete a take-off and traditional math skills to verify the take-off quantities.  The 

results show that traditional knowledge is comparable to BIM knowledge in this area.   

The remaining three skills are “new” construction management skills and competencies 

and have come about due to BIM usage in industry.  Integration of models, competently working 

with BIM related software, and performing BIM based quantity take-off are all skills that should 

be supplemented into the knowledge base of a construction manager seeking to maintain or 

increase BIM usage in five years.  This knowledge would be “new” knowledge that “traditional” 

construction managers would need to supplement their skills.   

In concluding research question two, the Delphi panel identified a total of 85 skills and 

competencies in the area of scheduling and control.  The top five highest scores as measured by 

mean and standard deviation are:   

1. Knowledge of construction sequencing and installation details (M = 4.72 SD = 0.57) 
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2. Ability to competently work with BIM software associated with the industry (M = 

4.61 SD = 0.70) 

3. Theory of scheduling (M = 4.44 SD = 0.70) 

4. Using software to accurately portray and simulate the events - not simply to show an 

animation (M =  4.39 SD =  0.70) 

5. Construction methodology and processes (M =  4.39 SD =  0.61) 

Of the top five, three are not explicitly BIM specific skills.  Rather, they are prerequisite 

skills required to complete a BIM model.  Knowledge of construction sequencing and installation 

details, theory of scheduling and construction methodology and processes are “traditional” skills 

and competencies required of a construction manager.  These skills require knowledge in 

assembly of a construction project --  the “hands-on” component of construction management.  

The results demonstrate that “traditional” knowledge connects to efficient BIM usage.   

The remaining two skills are “new” construction management skills and competencies 

that have come about due to BIM usage in industry.  Users of BIM must competently work with 

BIM software associated with the industry and accurately portray and simulate the events; they 

cannot simply show an animation.  Although these skills require some “new” BIM related 

technical skills to accurately portray and simulate events, the construction manager will need 

“traditional” skills in the construction field.  Theses “traditional” skills supplement “new” BIM 

software operation skills to visualize events.  If the construction manager lacks perquisite 

knowledge in sequence of construction assembly, there is a strong possibility the resulting BIM 

model will be flawed.   
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In concluding research question three, the Delphi panel identified a total of 71 skills and 

competencies in the area of project administration.  The top five highest scores as measured by 

mean and standard deviation are:   

1. Knowledge of construction processes (M =  4.72 SD =  0.67) 

2. Understand liability of sharing models and willingness to collaborate (M =  4.59 SD =  

0.62) 

3. Virtual team collaboration tools (distance communication skills) (M =  4.56 SD =  

0.70) 

4. Ability to competently work with BIM software associated with the industry (M =  

4.56 SD =  0.78) 

5. BIM-based constructability review (M =  4.50 SD =  .71) 

Of the top five, three are not explicitly BIM specific skills.  They are prerequisite skills 

required to complete a BIM model.  Knowledge ofteh  construction process is a “traditional” 

skill and involve competencies required of a construction manager.  Understanding liability of 

sharing models and willingness to collaborate is a “new” legal issue brought out by contract 

delivery methods utilizing BIM.  Literature has demonstrated a need for better understanding of 

the legal aspects of BIM.  The results demonstrate that “traditional” knowledge is important for 

BIM usage and that legal concerns are becoming more of an issue with the BIM movement in the 

AEC industry.   

The remaining three skills are “new” construction management skills and competencies 

that have come about through BIM usage in industry.  The ability to work with BIM software 

associated with the industry and BIM-based constructability reviews are “new” skills brought out 

by BIM.  Although these skills require some “new” BIM related technical skills, to portray and 
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simulate events, the construction manager will need “traditional” skills in the construction field.  

Theses “traditional” skills should supplement “new” BIM software operation skills to visualize 

events.  A constructability review is not a new concept, but with the use of BIM the process will 

become more streamlined and accurate.  Nevertheless, the accuracy of the constructability 

review will still be based on the accuracy of the model.  The last skill in this area relates to 

communication and virtual team collaboration tools.  The BIM software along with distance 

internet technology has made it possible to design, review, and approve much of a BIM project 

from remote locations.  This result points to the need for a construction manager to have the 

ability to work and communicate remotely with team members in a BIM environment.     

In concluding research question four, the Delphi panel identified a total 29 skills and 

competencies in the area of contract documents.  The top five highest scores as measured by 

mean and standard deviation are:   

1. Traditional contract knowledge / process / methods (M =  4.44 SD =  0.70) 

2. Traditional construction installation methods / assemblies / processes (real world, “hands-

on”) (M =  4.24 SD =  0.97) 

3. Model-based quantification (M =  4.11 SD =  1.18) 

4. BIM-based supply chain management (M =  4.11 SD =  0.96) 

5. Linking BIM elements to construction materials and services (M =  4.06 SD =  1.03) 

Of the top five, the top two are not explicitly BIM specific skills rather prerequisite skills 

required to work on a BIM contracted project.  Traditional contract knowledge / process / 

methods and traditional construction installation methods are both “traditional” construction 

management skills and competencies.  Individuals will still need to understand the basic 

construction contact processes.  These “traditional” skills will be supplemented with BIM in the 
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next five-years.  Based on this study, older contract delivery methods will not be abandoned in 

the next five years for newer contract delivery methods.  Building Information Modeling will 

supplement the traditional methods of project delivery.   

The remaining three skills are “new” construction management skills and competencies 

that have come about due to BIM usage in industry.  Model-based quantification, BIM-based 

supply chain management, and linking BIM elements to construction materials and services are 

“new” skill brought out by BIM.  Model-based quantification will still require some “traditional” 

skills to verify that the BIM model accurately quantity estimates.   

The last two “new” skills refer to an efficient supply chain program for BIM.  Literature 

shows construction projects are plagued with waste in material relating to such things as on site 

material storage and material movement.  The panel revealed that in five years of utilization of 

BIM the efficient supply chain management will become more prevalent.  Although not 

explicitly stated by this panel, this links to a new movement to a “lean construction” project 

delivery system that emphasizes efficient materials handling to eliminate waste on construction 

projects.  

In concluding research question five, the Delphi panel identified a total 20 other skills 

and competencies.  The top five highest scores as measured by mean and standard deviation are:  

1. Written communication (M =  4.72 SD =  0.57) 

2. Ethics (M =  4.67 SD =  0.59) 

3. Interpersonal skills (M =  4.61 SD =  0.70) 

4. Verbal communication (M =  4.61 SD =  0.61) 

5. Leadership (M =  4.56 SD =  0.62) 
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Of the top five, none are explicitly BIM specific skills.  Rather, they are skills related to 

being a construction manager in five years using BIM.  Due to the teamwork required of a true 

BIM project, ethics, interpersonal abilities, verbal facility and leadership skills will be very 

important, as recognized by this Delphi panel.  A true BIM project places all members of the 

team on the same side and removes the adversarial nature of a traditional construction project.  

Therefore, these skills align with research on what BIM should look like.  The final skill, written 

communication, is important because of the nature of construction, being able to communicate 

intent and requirements efficiently through writing.  This has been and will continue to be a 

necessity in the industry.   

Firm and Individual Descriptors Identified 

This Delphi study identified the descriptors of firms and individuals seeking to increase 

BIM usage in five years.  Consensus was seen through a reduction in standard deviation between 

Rounds Two and Three.  In the following paragraphs, the researcher provides some discussion 

on the top descriptors of construction managers and firms seeking to maintain or increase BIM 

usage in five-years.  

In concluding research question six, the Delphi panel identified a total 22 descriptors of 

construction managers seeking to increase BIM usage.  The top five highest scores as measured 

by mean and standard deviation are:  

1. Teamwork mentality (M =  4.67 SD =  0.77) 

2. Motivated (M =  4.65 SD =  0.61) 

3. Managers and principals interested in making a difference (M =  4.56 SD =  0.86) 

4. Those who see the project stakeholders as team players and not antagonists (M =  4.50 

SD =  0.86)  
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5. Ready for change (M =  4.39 SD =  0.85) 

The results of the study and the literature regarding the BIM mentality of teamwork have 

led the researcher to conclude that viewing project participants as allies and not enemies, as in 

traditional construction projects, is important.  Participants offered this attitude as a top response. 

They placed a teamwork mentality and project stakeholders as team players as top and fourth 

highest, respectively.  The next three descriptors included items identified as change agents in an 

organization.  Motivation, top managers looking to make a difference, and individuals ready for 

change are all descriptors of people who are change agents.  The panel results support BIM 

requiring a change in thinking and a breaking down of traditional contract lines though the use of 

change agent characteristics.   

In concluding research question seven, the Delphi panel identified a total 24 descriptors 

of construction management firms seeking to maintain or increase BIM usage.  The highest 

scored as measured by mean and standard deviation are:  

1. Upper management support (M =  4.83 SD =  0.51) 

2. Willingness to provide BIM education to firms (M =  4.72 SD =  0.75) 

3. Willing to investment in training and software/hardware (M =  4.61 SD =  0.85) 

4. Firms that see how BIM will provide a return on investment when utilized (ROI-driven) 

(M =  4.56 SD =  0.78) 

5. Firms that work with owners requiring BIM (M =  4.39 SD =  .78) 

As demonstrated by the Delphi panel results, upper management support is the most 

important factor in increasing BIM usage in firms.  Notice that four of the top five descriptors 

directly relate to top management support.  To implement BIM in an organization, top 

management will need to see a solid return on investment, be willing to train members of the 
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firm, and invest in BIM software required to perform BIM related work.  Without top 

management embracing the BIM movement, funding for any of the required corporate 

infrastructure to implement BIM will not occur.  Change in an organization is difficult and 

requires support and financing to implement properly.  The last item on the list is the 

requirement of owners requiring BIM for their projects.  This makes sense because if an owner 

requires this for a project, the construction management firm will have to deliver.  Otherwise, 

they will not be able to complete the project.     

Implications for Construction Management Education 

Curriculum developers and instructional designers should find this research particularly 

useful.  In reflecting on the findings it is worthy to note that BIM education is not as simple as a 

technical skill or learning a piece of software.  On the contrary, true BIM education within 

construction management should encompass and integrate much more.  A major focus of this 

research was skills and competencies a construction manager would need in the area of BIM, so 

it was expected to see evidence showing traditional CM skills incorporated into the responses.  

What was not expected is the prevalence for traditional skills in the area of BIM for CM are 

required for the CM professional.  This speak to the fact that BIM is not has diffused within the 

industry as some people believe.     

This leaves the Curriculum Team (group of instructional designers charged with creating 

curriculum) with some choices on to how best implement BIM into the CM curriculum.    These 

implementation options should be a consideration of the curriculum committee and instructional 

designers at each educational institution.  It is recommended that a curriculum committee decide 

the best implementation practices.  Included in the committee should be member of the schools 
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Industry Advisory Board and the dedicated curriculum committee responsible for implementing 

BIM.   

The first implementation option would be to provide additional course work in the areas 

of the skills and competencies identified.  As part of the program of study for Construction 

Manager’s schools can add additional courses in order to teach necessary BIM skills identified in 

the BOK areas of study.  This method would require at a minimum four additional courses of 

study leading to a degree in Construction Management (one for each BOK).  Each BIM course 

should be sequenced after the theory of the particular topic within the BOK.  For example, a 

student would complete a traditional scheduling course followed by a course in BIM scheduling.  

The BIM scheduling course would be based on the theory from the previous course and add in 

the technical BIM skills required of a scheduler.  Although this method would provide a very in 

depth education of BIM and theory of CM, adding additional courses of study into an already 

crowded curriculum may not be feasible.    

A second option is to add BIM modules into existing courses as required covering skills 

and competencies identified.  This option would require curriculum developers and instruction 

designers to develop individual BIM modules for each course.  The BIM modules should be 

taught after some theory or “traditional” construction management is delivered.  For example, in 

a scheduling course, theory of scheduling would be taught (use of Gantt charts, critical path 

methods) and following the units on the theory, the students would be instructed in methods to 

schedule using BIM tools.  There are some concerns with this methodology.  Foremost, in order 

to use BIM tools for advanced functions a complete model must exist.  So where will that model 

come from in order to overlay the schedule?  Next, there is a time constraint in each of the 

courses.  Where will the instructors find the time? 
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A third and most progressive option would be to use BIM as a complete curriculum 

delivery.  With this philosophy curriculum developers and instructional designers would seek to 

replace the traditional course delivery methods by using BIM to deliver instruction.  For 

example, the theory of scheduling would be integrated into BIM scheduling.  Therefore, students 

would utilize BIM tools as a complete learning platform for the course.  The first issues with this 

curriculum delivery is that very few individuals are proficient enough in BIM to integrate this 

methodology fully.  Another issue is a concern of losing out on the traditional knowledge 

required of CM’s.  This research found that CM’s would still need traditional CM skills and 

competencies; these will be overlaid with BIM knowledge.  Although, research has shown that 

BIM can be used to efficiently deliver instruction, in five-years the industry may not be 

completely ready for this integration because many industry members, especially those not fully 

supporting BIM may not hire graduates.  As BIM is implemented into a curriculum student skills 

and competencies need to match industry demands, this methodology may be too progressive.  If 

graduates only have the most progressive skills and competencies (BIM) and construction 

management firms are only using traditional methods the skill set possessed by the graduate and 

the skills required by the employer would not match, resulting in inability to gain employment.    

In concluding this section, as academic institutions work to identify the best methodology 

to implement BIM into a CM curriculum the following action steps can be used to facilitate the 

implementation: 

1. Development of a BIM implementation curriculum committee 

a. Membership of this committee should include prospective employers of 

graduates, BIM experts within the school, Industry Advisory Board 
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members (both BIM and non-BIM experts).  This research can be used as 

a starting off point for discussions.   

2. Committee should meet to discuss options regarding BIM implementation within 

the school. Using the skills and competencies identified in this research would 

help figure out what skills are most important at each particular school. 

3. Skills and competencies identified as important should be discussed and an 

integration plan developed based on one of the three options described above. A 

hybrid approach may be applicable, but this is school level decision.   

4. This committee should continue to gain feedback from employers and graduates 

as to skills and competencies are important, then shift the curricular goals related 

to BIM as appropriate.  

5. The curriculum process and integration of BIM into CM will be varying stages 

depending on multiple variables.  One such variable is diffusion of BIM into AEC 

industry.  Over time BIM will continue to become more mainstream so it will be 

important to keep a continuous loop between industry and curriculum committee 

to ensure graduates possesses necessary and relevant skills and competencies for 

employment.   

Discussion on Traditional vs. New Construction Management Skills  

Although BIM is a new technology and many believe it will revolutionize the way 

construction managers do business, this study revealed an interesting trend; traditional skills are 

still relevant and required of a successful construction manager.  Although this research 

identified many BIM specific skills, many of the top five items in each research question were 

related to traditional “hands-on” knowledge.   
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This research shows that BIM can change the way construction managers work but they 

will not abandon the old skills for “new” BIM.  Building Information Modeling is an additional 

tool to be used to more efficiently perform items identified in the body of knowledge.   Although 

BIM skills were identified in this study, it was notable that the need for good written 

communication, interpersonal facility, and ethical skills ranked very high in the other skills 

question.  A major finding of this research is the new soft skills that BIM will require.  

Traditionally, construction mangers had clearer lines in contract and work expectation.  BIM’s 

collaborative nature is changing how construction managers complete work.  As a result soft 

skills ranked very high in this study.     

Currently many construction management programs are working to integrate BIM into 

curriculum.  Based on the findings of this research, integration should be completed in a prudent 

manner.  Integration of BIM is an important step to stay current with industry trends and prepare 

the next generation of construction managers.  Nevertheless, the traditional methods should not 

being replaced.  Building Information Modeling can supplement the traditional knowledge bases 

and methods of construction management. 

BIM diffusion into Construction Management  

Rogers (2010) presents an s-shaped curve illustrating adoption rates of a new innovation.  

The curve starts out relatively flat, representing early adopters of an innovation.  The next part of 

the curve is almost vertical, representing the innovation reaching critical mass and that 

innovation is now being adopting by a majority of the social group.  The last part of the curve 

levels out, representing the laggards that adopt an innovation.  The curve follows that flow of 

innovator classification.  The diffusion of BIM into AEC industry will require expansion of 

social groups to adopt BIM.  Academic institutions and industry leaders are best positioned to 
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make this change occur because of their influence on social groups.  BIM will further diffuse as 

more people discuss, embrace and adopt.  This research shows that BIM skills and competencies 

will be in demand in five-year time, showing one aspect of BIM diffusion within this social 

group.   

Recommendations for Further Study  

Next steps in ADDIE 

In the ADDIE instructional analysis and design process, the first step is to analyze the 

problem and identify learning outcomes.  This research gathered industry experts to forecast the 

desired performance of construction managers related to BIM in five years.  They identified 

broad instructional goals related to BIM curriculum.  Industry or academia can use this research 

to begin processes of implementing BIM into their curriculum.  It is important to note that BIM 

knowledge is partially standalone but also needs to be integrated into existing curricular 

structures.  As a first year undergraduate course, BIM would be nothing more than technical 

skills for computer software but as, the program of study in construction management 

progresses, BIM can integrate all areas of the BOK required of construction managers.  Further 

research should be conducted in the area of best implementation location for BIM in a CM 

curriculum.   

Further Validation of Information 

A follow up study to validate the results from this Delphi can ensue.  The skills and 

competencies identified in this study could be a basis to survey to members of industry and 

academia.  This research identified skills and competencies into varying bodies of knowledge so 

it would be feasible to survey professionals in each area to examine further this information.  

This study completed ANOVAs for three variables.  However, the n-value was so small that a 
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follow up study to more professionals in each area would produce better results.  It is still unclear 

if there are any statistically significant differences in how individual subgroups in the AEC 

industry view this problem and another study can help solve this.  Last, this study is a five-year 

forecast of skills and competencies so, in five years a follow up study to update this research 

would be beneficial.   

A few concerns come to mind when additional research is performed on this study.  First, 

this was a large study with an abundance of data collected during each of the rounds.  

Respondent fatigue should be considered when replicating this study or performing a similar 

study.  The laborious process was noted by some of the respondents.  Secondarily, this study 

focused on only the role of the construction manager and the perception of what a construction 

manager should know and be able to as perceived by members of the AEC community.  This 

idea of perceptions of roles within industry should be further explored because the number of 

respondents in each discipline would not validate this information.   
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APPENDIX A: RECRUITMENT DOCUMENTS FOR PANEL 

SCRIPT OF REQUEST TO PARTICIPATE 

 

Hello, this is Joseph Raiola, a PhD Candidate conducting research as part of dissertation 

through Indiana State University’s Consortium program in Technology Management specializing 

in Construction Management.     

   

I am asking currently seeking to recruit a Delphi Panel that will identify skills 

Construction Managers will need to possess in five years, related to Building Information 

Modeling.  

 

The focus question of the study is “In five years what are the competencies and skills 

needed by construction managers in various areas of Building Information Modeling?”  

 

This is a voluntary position.   

 

Would you be willing to help by nominating individuals? 

  

(If yes) Thank you – Here is the information on the next steps of this process.   

 

In no, thank you and have a good day. 

 

 

Thank you for your time and efforts, 

 

 

 

 

Joseph A. Raiola 
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SCRIPT OF REQUEST FOR RECOMMENDATIONS 

 

Thank you for choosing to help assemble the Delphi panel for the study. As per our 

discussion, please nominate Building Information Modeling Experts to serve as a potential 

Delphi Panelist. Your nominations are confidential please do not notify the potential committee 

member. I will contact each nominee and solicit his or her participation as a potential Delphi 

panelist.  

 

 

Nomination criteria:  

 Minimum of 8 years Industry or Academic experience or a combination of the 

two. 

 Minimum of 3 years BIM experience  

 Nomination of professional organization / academia   

 Membership in a nationally recognized professional organization  

 Cannot be any person you supervise 

 

 

Along with your nomination, please provide the following information for each nominee:  

name, workplace, email address, and area of BIM expertise. If you can only provide the name 

and workplace, I will be glad to locate the remaining information.   

 

Please forward your list within five (5) working days via email to raiolaja@gmail.com.  

If there are any questions, please feel free to contact me at 203.389.5188.  

 

 

Thank you for your time and efforts, 

 

 

 

 

Joseph A. Raiola 
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SCRIPT TO PANEL NOMINEES 

 

Congratulations, 

 

You were nominated by one of your peers as a cutting edge professional who could help 

guide my current research efforts. The research is a Delphi panel of Building Information 

Modeling experts that will determine required BIM skills forecasted for construction managers in 

five years. The criteria for this panel include the following: 

 Minimum of 8 years Industry or Academic experience or a combination of the 

two. 

 Minimum of 3 years BIM experience  

 Nomination of professional organization / academia   

 Membership in a nationally recognized professional organization  

 

Your assistance will provide guidance essential to the Architecture Engineering and 

Construction professions.  Participation in this study is voluntary.   

 

Are you willing to serve on this panel? 

 

 

In no, thank you and have a nice day 

 

  

 

 

Thank you, 

 

 

Joseph A. Raiola 

raiolaja@gmail.com 

  

mailto:raiolaja@gmail.com
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APPENDIX B: ROUND ONE INSTRUCTIONS AND INSTRUMENT 

Instructions for Round One 

 

Congratulation and thank you for choosing to serve as a member of the Delphi Panel 

forecasting 5-year BIM related instructional goals for Construction Managers.  The following 

survey includes open-ended questions related to the Delphi Panel focus.  This is a voluntary 

survey and full completion of the survey is not required.  

  

As a reminder our Delphi Panel focus question is “What skills and competencies, related to BIM, 

will Construction Managers be required to possess in order to have gainful employment and 

further their career?”   

 

As you respond to the survey questions please keep the following definitions in mind: 

 

Building Information Modeling – A technological and process change in the Architecture, 

Engineering, Construction, Owners and Facility Managers Community, facilitated by computer 

technology, encompassing all aspects of a project from design to construction to occupancy 

(Eastman, Teicholz, Sacks, & Liston, 2011).       

 

Construction Manager – Individual or team responsible for managing the construction of a 

project.  The 4 primary responsibility of a construction manager include; cost estimating, 

construction scheduling and control, project administration and contract documents (Hildreth & 

Gehring, 2010).    

 

Building Information Modeling (BIM) related skills and competencies – These are skills and 

competencies that are cognitive or practical related to BIM; can include theoretical, 

interpersonal, technological and other skills related to BIM.  Any skills that facilitate the BIM 

are included in this definition.     

 

 

Please click on this link to begin 

http://www.surveymonkey.com/s/BIMSKILL 

 

Thank you for participing in the survey, 

 

 

 

 

Joseph A. Raiola 
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APPENDIX C: ROUND TWO INSTRUCTIONS AND INSTRUMENT 

 

Instructions for Round Two 

 

Thank you for completing round one as a member of the Delphi Panel forecasting 5-year 

BIM related instructional goals for Construction Managers.  The following survey - compiled 

your responses from round one and is requesting your ranking.  This is a voluntary survey and 

full completion of the survey is not required.  

  

As a reminder our Delphi Panel focus question is “What skills and competencies, related to BIM,  

will Construction Managers be required to possess in order to have gainful employment and 

further their career?”   

 

As you respond to the survey questions please keep the following definitions in mind: 

 

Building Information Modeling – A technological and process change in the Architecture, 

Engineering, Construction, Owners and Facility Managers Community, facilitated by computer 

technology, encompassing all aspects of a project from design to construction to occupancy 

(Eastman, Teicholz, Sacks, & Liston, 2011).       

 

Construction Manager – Individual or team responsible for managing the construction of a 

project.  The 4 primary responsibility of a construction manager include; cost estimating, 

construction scheduling and control, project administration and contract documents (Hildreth & 

Gehring, 2010).    

 

Building Information Modeling (BIM) related skills and competencies – These are skills and 

competencies that are cognitive or practical related to BIM; can include theoretical, 

interpersonal, technological and other skills related to BIM.  Any skills that facilitate the BIM 

are included in this definition.     

 

 

Please click on this link to begin 

http://www.surveymonkey.com/s/BIMrd2 

 

Thank you for participing in the survey, 

 

 

 

Joseph A. Raiola 
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APPENDIX D: ROUND THREE INSTRUCTIONS AND INSTRUMENT 

Instructions for Round Three 

 

Thank you for completing round one and two and serving as a member of the Delphi 

Panel forecasting 5-year BIM related instructional goals for Construction Managers.  The 

following survey complied your responses from round two and reorganized them from most to 

least important as measured by the mean score of panel ranking.  If you would like to make 

comments for each response the option is available to do.  The purpose of this is to justify an 

opinion if your opinion is far from the mean indicated.  After you complete round three, a 

demographic questionnaire is provided.  This is a voluntary survey and full completion of the 

survey is not required.  

  

As a reminder, our Delphi Panel focus question is “What skills and competencies, related to 

BIM, will Construction Managers be required to possess in order to have gainful employment 

and further their career?”   

 

As you respond to the survey questions please keep the following definitions in mind: 

 

Building Information Modeling – A technological and process change in the Architecture, 

Engineering, Construction, Owners and Facility Managers Community, facilitated by computer 

technology, encompassing all aspects of a project from design to construction to occupancy 

(Eastman, Teicholz, Sacks, & Liston, 2011).       

 

Construction Manager – Individual or team responsible for managing the construction of a 

project.  The 4 primary responsibility of a construction manager include; cost estimating, 

construction scheduling and control, project administration and contract documents (Hildreth & 

Gehring, 2010).    

 

Building Information Modeling (BIM) related skills and competencies – These are skills and 

competencies that are cognitive or practical related to BIM; can include theoretical, 

interpersonal, technological and other skills related to BIM.  Any skills that facilitate the BIM 

are included in this definition.     

 

Please click on this link to begin 

http://www.surveymonkey.com/s/RD3BIM 

 

Thank you for participing in the survey, 

 

 

 

 

Joseph A. Raiola 
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APPENDIX E: ROUND ONE RESPONSES 

Table 13. BIM-Related Cost Estimating Skills and Competencies Needed by Construction 

Managers in Five Years 

  Cost Estimating Skills or Competencies  

1 Manipulate multidisciplinary model 

2 Interrogate models (confederation and linking / Mashable software fluency / 
Manipulate multidisciplinary model) 

3 Model-based RFI process 

4 Create project scopes out of model components with specifications 

5 Creating virtual mockups for QA/QC 

6 Viewing element properties 

7 Sectioning a model 

8 Filtering and isolating model elements 

9 Populate information in the model 

10 Create accurate models 

11 Handle the GIS information 

12 Model analysis for accuracy 

13 Drawing production to paper 

14 Experience with augmented reality 

15 Ability to competently work with BIM software associated with the industry 

16 Same theoretical skills currently required 

17 Integrate drawings and specifications into the BIM process 

18 Traditional print reading 

19 Ability to function within integrated decision making systems 

20 Data Management for BIM 

21 Schema correlation for converting BIM data in CAFMS 

22 Reading and understanding BIM design on screen without the need for printed 
drawings 

23 Reading and understanding BIM design on screen without the need for printed 
specifications 

24 Conceptualize / understand the BIM process 

25 Able to validate model accuracy 

26 Develop estimate using BIM software 

27 Traditional quantity take-off calculations 

  



139 

 

Table 13 (continue). BIM-Related Cost Estimating Skills and Competencies Needed by 

Construction Managers in Five Years 

 

28 BIM model-based quantity takeoff (and verification) 

29 Understanding "hidden" materials needed for construction that are not well 
modeled in BIM 

30 Understanding project risks 

31 Identification of quantities that are most meaningful to track at the jobsite (ex. 
Cost per cu yd. or cost per Sq. Ft.) 

32 Joining and relating tables from the model with estimating databases 

33 Model item naming conventions 

34 Model sorting and filtering 

35 Create schedules / quantities into desired work quantities by trades 

36 Creating / modifying schedules of BIM elements 

37 Extracting properties of BIM elements 

38 Exporting values from models 

39 Traditional construction installation methods / assemblies / processes (real world, 
“hands-on”) 

40 Measurements directly from a BIM model 

41 Populate information in the model 

42 How to define or recognize system boundaries for the cost database 

43 Model clash detection 

44 Process simulation techniques 

45 Simulating energy analysis and Embodied energy 

46 Concept of Level of Development (LOD) 

47 Developing desired virtual mock-ups for fabrication and installation of building 
systems 

48 Communicating model detailing requirements with specialty contractors 

49 Understand temporary construction 

50 Scaffolding and safety concerns / processes 

51 Modeling equipment for visual purposes 

52 Modeling safety plans as submissions 

53 Modeling excavations 

54 Create and assess virtual mock-ups 

55 Developing construction plans and sequences using the 3D model 
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Table 13 (continue). BIM-Related Cost Estimating Skills and Competencies Needed by 

Construction Managers in Five Years 

 

56 Ability to use BIM for coordination of systems and site logistics 

57 4D scheduling 

58 4D construction phasing / simulation 

59 Understand facility operations 

60 Current related topics that are taught in traditional Construction Management 
programs 

61 Past project performance to supports productivity and costs 

62 Turn BIM models into work based structure (WBS) 

63 Traditional methods for estimating labor and equipment rates 

64 Use BIM for site layout 

65 Logistics planning 

66 Field tracking using BIM 

67 Personnel management 

68 Teamwork skills 

69 Interpersonal skills 

70 Collaborative skills 

71 Technical data entry 

72 Know what indirect and overhead costs are 

73 Understanding risk accounting 

74 Automated documentation generation from BIM 

75 Life cycle costing 

76 Contract document creation using BIM 

77 Traditional knowledge in creation of a bid estimate 

78 Change management using BIM 
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Table 14. BIM Related Contract Document Skills and Competencies Needed by Construction 

Managers in Five Years 

  Contract document skills and competencies 

1 OSHA training and implementation of OSHA checking softwares for BIM software 

2 Traditional construction installation methods / assemblies / processes (real world, 

“hands-on”) 

3 Ability to competently work with BIM related contract document software associated 

with the industry 

4 Traditional contract knowledge / process / methods 

5 Procedures for handling and the hazards in construction 

6 BIM-based safety planning through appropriate site layout and logistic planning 

7 BIM-based field compliance checking and scheduling updating 

8 BIM-based overhead coordination 

9 Rule checking in the model to highlight OSHA violations 

10 Use model to communicate risk 

11 Associated General Contactor training for procurement 

12 Construction Industry Institute training for procurement 

13 Use of BIM to create material lists / quantity take off 

14 Create high Level of Definition model with fabrication and installation in mind 

15 BIM- based pre-fabrication 

16 BIM-based modular construction 

17 BIM-based supply chain management 

18 E-tendering 

19 Material tracking 

20 Model-based quantification 

21 Creating schedules of BIM elements 

22 Modifying schedules of BIM elements 

23 Extracting properties of BIM elements 

24 Correlating BIM elements with related construction methods 

25 Linking BIM elements to construction materials and services 

26 Using BIM to develop bill of materials (material list for procurement) 

27 Prepare request for quotation (RFQ) 

28 Using BIM to create procurement documents 

29 Use of BIM Model to enhance the submittal and manufacturing process 
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Table 15. BIM Related Scheduling and Control Skills and Competencies Needed by 

Construction Managers in Five Years 

 Construction Scheduling and Control Skills or Competencies 

1 Ability to competently work with BIM software associated with the industry 

2 Understand and use BIM databases 

3 Knowledge of construction sequencing and installation details 

4 
Using software to accurately portray and simulate the events - not simply to show an 
animation 

5 
Interrogate models (confederation and linking / Mashable software fluency / 
automatically linking items to a schedule/ Multidisciplinary model coordination) 

6 Theory of scheduling 

7 Location based scheduling 

8 Line of balance scheduling 

9 Critical Path Method scheduling 

10 Gantt chart scheduling 

11 Logic for scheduling 

12 Construction activity dependence (predecessor / successor activities) 

13 Breaking up model elements 

14 Current related topics that are taught in traditional Construction Management programs 

15 Read existing schedule 

16 Ability to function within integrated decision making systems 

17 Creating schedules of BIM elements 

18 Modifying schedules of BIM elements 

19 Extracting properties of BIM elements 

20 Correlating BIM elements with related construction methods 

21 Creation of 4D Phasing/simulation/ work processes 

22 BIM export for scheduling 4D 

23 Sync and incorporate BIM model changes into 4D Phasing/simulation 

24 Use 4D schedule to manage the Contractor's work process 

25 Apply 4D schedule to subcontractors 

26 
Use 4D phasing /simulation to conduct "What If" analysis to generate resource 
optimization 

27 Work breakdown structure (what can be completed in a day and represent that in BIM) 
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Table 15 (continue). BIM Related Scheduling and Control Skills and Competencies Needed by 

Construction Managers in Five Years 

 

28 Understanding of the industry classification system 

29 Construction sequencing / construction processes / “hands-on” traditional knowledge 

30 Understanding model information hierarchy 

31 
Developing high level of definition (350-400) model with fabrication and installation in 
mind 

32 Developing model-based work sets/work package 

33 Breakdown of building systems by trades and specialty 

34 Developing support systems (temporary structures) in BIM 

35 Construction Specifications Institute – MasterFormat knowledge 

36 Omniclass knowledge 

37 Attaching "area" parameters to elements 

38 Ability to link schedules with other contractors working on project 

39 
Navigate and manipulate the model to extract Work Breakdown Structures and 
schedule activities 

40 Collaboration skills between model makers and schedulers 

41 Manipulate the model to align it with the Work Breakdown Structure 

42 Lean practices / theory and application 

43 Qualify (how to count items) 

44 Construction methodology and processes 

45 Accurately modeling the construction process in BIM 

46 Understand material flow 

47 Integrate material flow to optimize work 

48 Model-based quantification 

49 Exporting values from models 

50 How to break up and align BIM models to corresponding construction activities 

51 
Using BIM to mine historical records and sequence and simulate future projects from 
prior data 

52 
Reference specific assumptions and/or example projects that justify the activity 
duration 

53 Use price book with construction activity durations 

54 Real world experience for correctly estimating 

55 Understanding of labor rates 
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Table 15 (continue). BIM Related Scheduling and Control Skills and Competencies Needed by 

Construction Managers in Five Years 

 

56 Cost and production tracking metrics 

57 Attach a time parameter to a 3D object 

58 Competency on quantity takeoff (traditional) 

59 Crew production rate 

60 Equipment production rate 

61 Use of BIM to plan work activities and avoid conflicts of work interest 

62 Work scheduling resource assignment 

63 Location-based resource scheduling 

64 Scheduling theory applied to BIM 

65 Theoretical scheduling techniques 

66 Updating Model information 

67 Field compliance check using BIM 

68 Skills with augmented reality 

69 Mobile computing technology 

70 Imaging-based schedule track and reporting 

71 Use of tablet or smartphone in field to capture real time quantities complete 

72 Earned Value Management 

73 Use of S-curves 

74 Budget creation with an owner 

75 Highlighting model elements which aren't on schedule 

76 Highlighting elements that are delivered 

77 
Capturing element status information / comparing actual vs planned properties for BIM 
elements 

78 Creating tables and summarizing element data 

79 Creating animations showing project progress 

80 Interpersonal communication skills 

81 As-built the schedule in BIM / update ongoing work activities 

82 Update the schedule when BIM model changes 

83 Read the BIM Model electronically 

84 Ability to visualize work flow 

85 Current related topics that are taught in traditional Construction Management programs 
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Table 16. BIM Related Project Administration Skills and Competencies Needed by Construction 

Managers in Five Years 

  Skills and competencies related to project administration 

1 Virtual team collaboration tools (distance communication skills) 

2 Understand and use BIM databases 

3 Ability to competently work with BIM software associated with the industry 

4 Knowledge of construction processes 

5 Integration of BIM into traditional contracts 

6 BIM-based RFI 

7 Submittal and transmittal process using BIM 

8 Skills with 4D simulation and schedule control 

9 Skills with 5D simulation and cost control 

10 AIA e202 - AGC consensus Doc’s 

11 Excavation / layback modeling 

12 Equipment modeling using BIM 

13 Safety submissions using BIM 

14 Mashable software fluency 

15 Ability to function within integrated decision making systems and full engagement 
with systems thinking 

16 Current related topics that are taught in traditional Construction Management 
programs 

17 Integrated Project Delivery theory and practice 

18 Public Private Partnership theory and practice 

19 Creating animations showing project progress 

20 Design - Build theory and practice 

21 Complete as-built in BIM model while work is progressing 

22 Lean construction theory 

23 Business law 

24 Contract law 
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Table 16 (continue). BIM Related Project Administration Skills and Competencies Needed by 

Construction Managers in Five Years 

 

25 Construction law 

26 Interpersonal skills related to BIM communication 

27 Document in physical format with a legally binding source 

28 BIM-based bid soliciting and contracting process 

29 BIM-based contract drafting, execution and compliance   management 

30 Function within integrated decision making systems and full engagement with 
systems thinking 

31 Metadata and information assurance 

32 Model ownership knowledge 

33 Legal pitfalls of BIM 

34 Integration of the International Building Code into BIM (soft wares for code 
checking) 

35 Experienced in building codes 

36 BIM for automated code compliance 

37 Traditional (“hands-on”) knowledge for application to construction assemblies for 
modeling 

38 Industry practice of Construction Industry Institute 

39 Project management Body of Knowledge from Construction Industry Institute 

40 Quality assurance / Quality control theory 

41 Document in a 3D environment issues and concerns related to quality assurance / 
control 

42 BIM-based field compliance for quality assurance / control 

43 BIM-based submittal and transmittal process for quality assurance / control 

44 United States Army Core of Engineers QC/QA course 

45 Virtual mockups for quality assurance / control 

46 Sectioning the model 

47 Capturing element status information in a model 

48 Tracking element exceptions and issues 

49 Creating tables and summarizing element data 
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Table 16 (continue). BIM Related Project Administration Skills and Competencies Needed by 

Construction Managers in Five Years 

 

50 Ability to compare and contrast different models used in different phases 

51 Ability to compare the design model and the trade model for accuracy 

52 Using BIM to prefabricated assemblies 

53 Punch list applications that use the BIM model 

54 Material tracking for quality assurance / control 

55 Construction progress tracking in field 

56 Skills with BIM simulation and cost control 

57 Laser scanning for comparing in place with predicted construction 

58 Use of BIM to complete cash flow projections 

59 'What if' scenarios using conceptual models for financial considerations 

60 Sync BIM data to other systems where economic analysis and cash flow can be 
generated 

61 Cost tracking with a model from field 

62 Use of BIM to identify and analyze risk during preconstruction 

63 BIM-based constructability review 

64 BIM-based field coordination 

65 BIM-based field compliance 

66 Understand liability of sharing models and willingness to collaborate 

67 Comparing actual vs. planned properties for BIM elements 

68 Capturing element exceptions and issues in a model related to risk 

69 Incorporating risk knowledge into work planning 

70 Identify safety risks through BIM model 

71 Perform "what if" scenarios to the risks being evaluated in BIM model 
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Table 17. BIM Related Other Skills and Competencies Needed by Construction Managers in 

Five Years 

  Other BIM related skills and competencies  

1 Understanding of scanning and digitizing pdf files 

2 
Updates in software and changes in industry / further build on Mashable software 

applications / software fluency for discipline 

3 Laser scanning of buildings 

4 Interpersonal skills 

5 Written communication 

6 Presentation skills 

7 Verbal communication 

8 BIM with mobile devices and cloud computing 

9 Further integrate BIM with augmented reality 

10 Leadership 

11 Ethics 

12 Ability to use the BIM model as a decision making tool 

13 Prefabrication using BIM 

14 Convert to a paperless project 

15 
Ability to quickly adapt to the new roles and responsibilities that comes with the use 

of BIM 

16 Technical computer skills 

17 Fundamental curriculum for Construction Managers as a prerequisite for BIM 

18 
Understanding the type of computer hardware and software needed to use and 

manage a BIM Model 

19 Use of model for facility management 

20 Use of model for life cycle analysis 
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Table 18. Descriptors of Individuals Seeking to Increase BIM Usage in Five Years 

  Skills and competencies of CM individual seeking to increase BIM 

1 Young Innovators 

2 Tech savvy users 

3 Experienced with large complex projects 

4 Superintendents who like computers 

5 Mechanical engineers 

6 HVAC technicians 

7 PIXAR castoffs 

8 Young Managers 

9 Older managers 

10 Individuals with a willingness to develop a career in Construction Management 

11 Those used to look for new way to deliver better projects every time 

12 Not those entrenched in "old ways of doing business" 

13 Managers and Principals interested in making a difference 

14 Those who see the project stakeholders as team players and not antagonists 

15 Teamwork mentality 

16 Leaders 

17 Cutting edge 

18 Looking to reduce costs (cost conscience) 

19 Computer science / engineering, and software individuals 

20 Younger individuals with training from veterans in construction processes 

21 Motivated 

22 Ready for change 
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Table 19. Descriptors of Firms Seeking to Increase BIM Usage in Five Years 

   Descriptors 

1 Upper management support 

2 Willingness to provide BIM education to firms 

3 Firms that work with owners requiring BIM 

4 Lean firms 

5 Small firms (20 or less employees) 

6 Small to medium size firms (20 - 100 employees) 

7 Medium to large size firms (101 – 500 employees) 

8 Large firms (500 + employees) 

9 Small revenue firms (1 Million USD or less per year) 

10 Medium revenue firms (1 million USD to 50 million USD per year) 

11 Large revenue firms (over 50 million USD per year) 

12 Residential firms 

13 Commercial firms 

14 Heavy / site firms 

15 Highway firms 

16 Hospital construction firms 

17 School construction firms 

18 Complex construction firms 

19 Specialty firms 

21 

AEC mechanical contractors looking to expand their proficiency and work with more 

modular construction 

22 Firms that see how BIM will provide a return on investment when utilized (ROI-driven) 

23 Willing to investment in training and software/hardware 

24 Influence / ability to work with the design team 
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APPENDIX F: ROUND TWO RESPONSES 

Table 20. BIM Related Cost Estimating Skills and Competencies Need by Construction 

Managers in Five Years 

Cost estimating skill or competency M SD 

BIM model-based quantity takeoff (and verification) 4.42 0.77 

Ability to competently work with BIM software associated with the industry 
4.37 0.76 

Develop estimate using BIM software 4.37 0.83 

Understanding "hidden" materials needed for construction that are not well modeled 

in BIM 
4.37 1.07 

Conceptualize / understand the BIM process 4.32 0.95 

Interrogate models (confederation and linking / Mashable software fluency / 

Manipulate multidisciplinary model) 
4.26 0.81 

Data Management for BIM 4.21 0.98 

Reading and understanding BIM design on screen without the need for printed 

drawings 
4.21 0.85 

Model sorting and filtering 4.11 0.57 

Collaborative skills 4.11 1.20 

Manipulate multidisciplinary model 4.05 0.71 

Able to validate model accuracy 4.05 1.13 

Create schedules / quantities into desired work quantities by trades 4.05 0.71 

Creating / modifying schedules of BIM elements 4.05 0.85 

Traditional construction installation methods / assemblies / processes (real world, 

“hands-on”) 
4.05 0.91 

Measurements directly from a BIM model 4.05 0.78 

Communicating model detailing requirements with specialty contractors 4.05 0.62 

Create accurate models 4.00 1.20 

Model analysis for accuracy 4.00 1.20 

Same theoretical skills currently required 4.00 0.94 

Reading and understanding BIM design on screen without the need for printed 

specifications 
4.00 1.20 

Joining and relating tables from the model with estimating databases 4.00 0.75 

Extracting properties of BIM elements 4.00 0.82 

Identification of quantities that are most meaningful to track at the jobsite (ex. Cost 

per cu yd. or cost per Sq. Ft.) 
3.95 0.78 

Viewing element properties 3.89 0.99 

Understanding project risks 3.89 1.10 

Model item naming conventions 3.89 1.05 

Past project performance to supports productivity and costs 3.89 1.05 

Concept of Level of Development (LOD) 3.84 1.12 

Teamwork skills 3.84 1.38 

Filtering and isolating model elements 3.79 0.79 
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Table 20 (continue). BIM Related Cost Estimating Skills and Competencies Need by 

Construction Managers in Five Years 

 

Model clash detection 3.79 1.23 

Understand temporary construction 3.79 0.92 

Current related topics that are taught in traditional Construction Management 

programs 
3.79 0.85 

Traditional methods for estimating labor and equipment rates 3.79 0.98 

Model-based RFI process 3.74 1.05 

Populate information in the model 3.74 1.05 

Ability to use BIM for coordination of systems and site logistics 3.74 0.87 

4D construction phasing / simulation 3.74 0.93 

Interpersonal skills 3.74 1.33 

Change management using BIM 3.74 1.05 

Create project scopes out of model components with specifications 3.68 1.00 

Populate information in the model 3.68 1.16 

How to define or recognize system boundaries for the cost database 3.68 0.95 

Traditional knowledge in creation of a bid estimate 3.68 1.06 

Ability to function within integrated decision making systems 3.63 1.12 

Logistics planning 3.63 1.07 

Exporting values from models 3.58 0.77 

Developing construction plans and sequences using the 3D model 3.58 0.84 

Turn BIM models into work based structure (WBS) 3.58 1.07 

4D scheduling 3.53 1.22 

Sectioning a model 3.47 1.02 

Developing desired virtual mock-ups for fabrication and installation of building 

systems 
3.47 0.70 

Understanding risk accounting 3.47 1.31 

Integrate drawings and specifications into the BIM process 3.44 0.92 

Traditional quantity take-off calculations 3.42 1.12 

Use BIM for site layout 3.42 1.07 

Automated documentation generation from BIM 3.42 1.26 

Life cycle costing 3.42 1.22 

Creating virtual mockups for QA/QC 3.37 1.01 

Traditional print reading 3.32 1.16 

Know what indirect and overhead costs are 3.32 1.20 

Process simulation techniques 3.26 1.05 

Scaffolding and safety concerns / processes 3.26 0.93 

Understand facility operations 3.26 1.19 

Contract document creation using BIM 3.26 1.28 

Field tracking using BIM 3.16 1.12 

Create and assess virtual mock-ups 3.11 0.94 

Technical data entry 3.11 1.15 

Schema correlation for converting BIM data in CAFMS 3.00 1.25 
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Table 20 (continue). BIM Related Cost Estimating Skills and Competencies Need by 

Construction Managers in Five Years 

 

Modeling excavations 3.00 1.15 

Modeling equipment for visual purposes 2.95 1.13 

Modeling safety plans as submissions 2.84 1.07 

Personnel management 2.84 1.21 

Handle the GIS information 2.63 1.21 

Experience with augmented reality 2.37 1.16 

Simulating energy analysis and Embodied energy 2.37 1.16 

Drawing production to paper 2.21 0.92 
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Table 21. BIM Related Scheduling and Control Skills and Competencies Needed by 

Construction Managers in Five Years 

Scheduling and control skill or competency M SD 

Ability to competently work with BIM software associated with the industry 4.42 0.90 

Knowledge of construction sequencing and installation details 4.42 0.61 

Theory of scheduling 4.37 0.68 

Construction activity dependence (predecessor / successor activities) 4.32 0.67 

Using software to accurately portray and simulate the events - not simply to show 

an animation 
4.21 0.71 

Construction methodology and processes 4.21 0.85 

Current related topics that are taught in traditional Construction Management 

programs 
4.17 0.92 

Logic for scheduling 4.16 0.69 

Breaking up model elements 4.16 0.76 

Critical Path Method scheduling 4.05 0.85 

Collaboration skills between model makers and schedulers 4.05 0.91 

Read existing schedule 4.00 1.05 

Sync and incorporate BIM model changes into 4D Phasing/simulation 4.00 0.94 

Understand material flow 4.00 0.75 

How to break up and align BIM models to corresponding construction activities 4.00 0.88 

Interpersonal communication skills 4.00 1.25 

Understand and use BIM databases 3.95 1.08 

Creation of 4D Phasing/simulation/ work processes 3.95 0.97 

Model-based quantification 3.95 0.97 

Use of BIM to plan work activities and avoid conflicts of work interest 3.95 1.03 

Interrogate models (confederation and linking / Mashable software fluency / 

automatically linking items to a schedule/ Multidisciplinary model coordination) 
3.89 0.94 

BIM export for scheduling 4D 3.89 1.05 

Construction sequencing / construction processes / “hands-on” traditional 

knowledge 
3.89 0.94 

Accurately modeling the construction process in BIM 3.89 0.88 

Update the schedule when BIM model changes 3.89 1.10 

Modifying schedules of BIM elements 3.84 0.83 

Correlating BIM elements with related construction methods 3.84 0.76 

Breakdown of building systems by trades and specialty 3.84 0.83 

Integrate material flow to optimize work 3.84 0.69 

Ability to visualize work flow 3.84 1.12 

Creating schedules of BIM elements 3.79 0.85 

Extracting properties of BIM elements 3.79 0.92 

Use 4D phasing /simulation to conduct "What If" analysis to generate resource 

optimization 
3.79 0.92 

Ability to link schedules with other contractors working on project 3.79 1.03 
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Table 21 (continue). BIM Related Scheduling and Control Skills and Competencies Needed by 

Construction Managers in Five Years 

 

Capturing element status information / comparing actual vs planned properties for 

BIM elements 
3.79 1.03 

As-built the schedule in BIM / update ongoing work activities 3.79 0.98 

Read the BIM Model electronically 3.79 1.13 

Gantt chart scheduling 3.74 0.81 

Ability to function within integrated decision making systems 3.74 0.73 

Use 4D schedule to manage the Contractor's work process 3.74 0.87 

Apply 4D schedule to subcontractors 3.74 0.87 

Real world experience for correctly estimating 3.74 1.19 

Crew production rate 3.74 1.15 

Equipment production rate 3.74 1.15 

Understanding model information hierarchy 3.68 0.95 

Highlighting model elements which aren't on schedule 3.68 0.89 

Current related topics that are taught in traditional Construction Management 

programs 
3.68 1.00 

Navigate and manipulate the model to extract Work Breakdown Structures and 

schedule activities 
3.63 1.01 

Manipulate the model to align it with the Work Breakdown Structure 3.63 0.96 

Scheduling theory applied to BIM 3.63 1.16 

Highlighting elements that are delivered 3.63 0.90 

Work breakdown structure (what can be completed in a day and represent that in 

BIM) 
3.58 1.02 

Understanding of the industry classification system 3.58 1.17 

Updating Model information 3.58 0.96 

Field compliance check using BIM 3.58 1.26 

Developing model-based work sets/work package 3.53 1.02 

Developing support systems (temporary structures) in BIM 3.53 0.90 

Using BIM to mine historical records and sequence and simulate future projects 

from prior data 
3.53 1.12 

Cost and production tracking metrics 3.53 1.02 

Attach a time parameter to a 3D object 3.53 1.26 

Competency on quantity takeoff (traditional) 3.53 1.26 

Theoretical scheduling techniques 3.53 0.90 

Creating tables and summarizing element data 3.53 0.90 

Location based scheduling 3.47 1.17 

Exporting values from models 3.47 0.96 

Location-based resource scheduling 3.47 1.22 

Mobile computing technology 3.47 1.12 

Attaching "area" parameters to elements 3.44 0.98 

Lean practices / theory and application 3.42 1.02 

Understanding of labor rates 3.42 1.26 
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Table 21 (continue). BIM Related Scheduling and Control Skills and Competencies Needed by 

Construction Managers in Five Years 

 

Use of tablet or smartphone in field to capture real time quantities complete 3.42 1.02 

Developing high level of definition (350-400) model with fabrication and 

installation in mind 
3.37 1.07 

Reference specific assumptions and/or example projects that justify the activity 

duration 
3.37 0.96 

Construction Specifications Institute – MasterFormat knowledge 3.32 1.25 

Work scheduling resource assignment 3.32 1.11 

Budget creation with an owner 3.32 1.25 

Qualify (how to count items) 3.26 1.10 

Creating animations showing project progress 3.26 1.10 

Omniclass knowledge 3.21 1.55 

Earned Value Management 3.16 1.01 

Line of balance scheduling 3.11 1.15 

Use price book with construction activity durations 3.11 0.99 

Imaging-based schedule track and reporting 3.05 0.97 

Use of S-curves 2.84 1.30 

Skills with augmented reality 2.68 1.34 
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Table 22. BIM Related Project Administration Skills and Competencies Needed by Construction 

Managers in Five Years 

Project administration skills or competency M SD 

Knowledge of construction processes 4.42 0.69 

Virtual team collaboration tools (distance communication skills) 4.32 0.75 

Ability to competently work with BIM software associated with the industry 4.32 0.82 

Integration of BIM into traditional contracts 4.26 0.93 

Model ownership knowledge 4.16 0.90 

BIM-based constructability review 4.16 1.01 

Understand liability of sharing models and willingness to collaborate 4.11 0.81 

Design - Build theory and practice 4.00 1.05 

Interpersonal skills related to BIM communication 4.00 0.94 

Integrated Project Delivery theory and practice 3.95 1.18 

Use of BIM to identify and analyze risk during preconstruction 3.95 0.97 

Perform "what if" scenarios to the risks being evaluated in BIM model 3.95 1.03 

Legal pitfalls of BIM 3.89 0.81 

BIM-based field coordination 3.89 0.88 

Understand and use BIM databases 3.84 1.21 

Punch list applications that use the BIM model 3.84 0.96 

BIM-based field compliance 3.84 0.90 

BIM-based RFI 3.79 1.13 

Skills with 4D simulation and schedule control 3.79 1.18 

Quality assurance / Quality control theory 3.79 0.79 

Complete as-built in BIM model while work is progressing 3.78 0.88 

Current related topics that are taught in traditional Construction Management 

programs 
3.74 0.93 

Construction progress tracking in field 3.74 0.87 

BIM-based contract drafting, execution and compliance management 3.68 0.82 

Traditional (“hands-on”) knowledge for application to construction assemblies 

for modeling 
3.68 0.95 

Document in a 3D environment issues and concerns related to quality assurance / 

control 
3.68 1.11 

Comparing actual vs. planned properties for BIM elements 3.68 0.89 

Ability to function within integrated decision making systems and full 

engagement with systems thinking 
3.63 0.96 

Using BIM to prefabricated assemblies 3.63 1.12 

Identify safety risks through BIM model 3.63 1.07 

Skills with 5D simulation and cost control 3.58 1.22 

Public Private Partnership theory and practice 3.58 1.22 

Construction law 3.58 0.90 

Metadata and information assurance 3.58 1.02 

Integration of the International Building Code into BIM (soft wares for code 

checking) 
3.58 0.84 
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Table 22 (continue).  BIM Related Project Administration Skills and Competencies Needed by 

Construction Managers in Five Years 

 

Experienced in building codes 3.58 0.77 

BIM-based field compliance for quality assurance / control 3.58 1.07 

Ability to compare and contrast different models used in different phases 3.58 0.90 

Material tracking for quality assurance / control 3.58 0.69 

What if' scenarios using conceptual models for financial considerations 3.58 0.84 

Incorporating risk knowledge into work planning 3.58 0.96 

Submittal and transmittal process using BIM 3.53 1.12 

BIM-based bid soliciting and contracting process 3.53 0.77 

BIM for automated code compliance 3.53 1.07 

Sync BIM data to other systems where economic analysis and cash flow can be 

generated 
3.53 1.07 

Cost tracking with a model from field 3.53 0.84 

Capturing element exceptions and issues in a model related to risk 3.53 0.90 

Contract law 3.47 0.84 

Document in physical format with a legally binding source 3.47 1.12 

Function within integrated decision making systems and full engagement with 

systems thinking 
3.42 0.77 

BIM-based submittal and transmittal process for quality assurance / control 3.42 0.96 

Capturing element status information in a model 3.42 0.96 

Creating tables and summarizing element data 3.42 0.77 

Ability to compare the design model and the trade model for accuracy 3.42 0.84 

Industry practice of Construction Industry Institute 3.37 1.07 

Safety submissions using BIM 3.33 1.19 

AIA e202 - AGC consensus Doc’s 3.32 1.16 

Mashable software fluency 3.32 0.95 

Business law 3.32 0.89 

Skills with BIM simulation and cost control 3.32 1.00 

Laser scanning for comparing in place with predicted construction 3.32 1.11 

Creating animations showing project progress 3.26 1.10 

Virtual mockups for quality assurance / control 3.26 0.73 

Sectioning the model 3.26 1.10 

Tracking element exceptions and issues 3.26 0.99 

Use of BIM to complete cash flow projections 3.26 0.87 

Project management Body of Knowledge from Construction Industry Institute 3.16 1.17 

Excavation / layback modeling 2.95 1.22 

Lean construction theory 2.89 1.33 

Equipment modeling using BIM 2.84 1.12 

United States Army Core of Engineers QC/QA course 2.68 0.89 
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Table 23. BIM Related Contract Document Skills and Competencies Needed by Construction 

Managers in Five Years 

Contract document skill or competency  M SD 

Traditional contract knowledge / process / methods 3.95 0.85 

Model-based quantification 3.89 1.13 

Traditional construction installation methods / assemblies / processes (real world, 

“hands-on”) 
3.84 0.96 

BIM-based supply chain management 3.84 0.76 

Creating schedules of BIM elements 3.84 1.01 

Linking BIM elements to construction materials and services 3.79 0.79 

Using BIM to develop bill of materials (material list for procurement) 3.79 1.08 

Ability to competently work with BIM related contract document software 

associated with the industry 
3.78 0.94 

Extracting properties of BIM elements 3.74 0.99 

Correlating BIM elements with related construction methods 3.74 0.87 

Modifying schedules of BIM elements 3.68 0.95 

Use model to communicate risk 3.63 1.30 

BIM- based pre-fabrication 3.63 1.07 

BIM-based modular construction 3.63 1.07 

Use of BIM to create material lists / quantity take off 3.58 1.26 

Use of BIM Model to enhance the submittal and manufacturing process 3.58 0.96 

Material tracking 3.53 0.90 

BIM-based overhead coordination 3.50 1.25 

Using BIM to create procurement documents 3.47 0.90 

BIM-based safety planning through appropriate site layout and logistic planning 3.42 1.12 

BIM-based field compliance checking and scheduling updating 3.42 1.12 

Create high Level of Definition model with fabrication and installation in mind 3.42 0.90 

Prepare request for quotation (RFQ) 3.42 0.96 

Procedures for handling and the hazards in construction 3.37 0.83 

Rule checking in the model to highlight OSHA violations 3.26 1.10 

OSHA training and implementation of OSHA checking soft wares for BIM 

software 
3.05 1.27 

E-tendering 2.95 1.31 

Associated General Contactor training for procurement 2.63 1.30 

Construction Industry Institute training for procurement 2.47 1.12 
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Table 24. BIM Related Other Skills and Competencies Needed by Construction Managers in 

Five Years 

Other skills or competencies not included in another question M SD 

Interpersonal skills 4.58 0.69 

Written communication 4.58 0.61 

Ethics 4.58 0.61 

Verbal communication 4.53 0.70 

Leadership 4.47 0.70 

Ability to use the BIM model as a decision making tool 4.47 0.61 

Presentation skills 4.37 0.83 

Fundamental curriculum for Construction Managers as a prerequisite for BIM 4.37 0.68 

BIM with mobile devices and cloud computing 4.32 0.75 

Ability to quickly adapt to the new roles and responsibilities that comes with the 

use of BIM 
4.32 0.75 

Technical computer skills 4.16 0.76 

Updates in software and changes in industry / further build on Mashable software 

applications / software fluency for discipline 
4.11 1.20 

Prefabrication using BIM 4.00 1.00 

Convert to a paperless project 3.95 0.91 

Understanding the type of computer hardware and software needed to use and 

manage a BIM Model 
3.84 1.01 

Use of model for facility management 3.74 1.24 

Use of model for life cycle analysis 3.53 1.22 

Laser scanning of buildings 3.37 1.26 

Further integrate BIM with augmented reality 3.37 0.96 

Understanding of scanning and digitizing pdf files 2.95 1.22 
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Table 25. Descriptors of Construction Managers Seeking to Increase BIM Usage in Five Years 

Descriptor of individual seeking to increase BIM usage M SD 

Motivated 4.37 0.83 

Managers and Principals interested in making a difference 4.33 0.77 

Those who see the project stakeholders as team players and not antagonists 4.32 0.95 

Teamwork mentality 4.32 0.75 

Ready for change 4.21 0.85 

Those used to look for new way to deliver better projects every time 4.16 0.90 

Not those entrenched in "old ways of doing business" 4.11 1.10 

Leaders 4.05 0.85 

Cutting edge 4.00 0.82 

Individuals with a willingness to develop a career in Construction Management 3.84 1.07 

Younger individuals with training from veterans in construction processes 3.84 0.90 

Looking to reduce costs (cost conscience) 3.79 1.08 

Tech savvy users 3.58 0.90 

Superintendents who like computers 3.42 0.96 

Computer science / engineering, and software individuals 3.37 0.96 

Mechanical engineers 3.32 0.95 

Young Innovators 3.21 1.27 

HVAC technicians 3.21 1.03 

Experienced with large complex projects 3.11 1.05 

Young Managers 3.05 0.91 

Older managers 3.00 1.00 

PIXAR castoffs 2.05 1.27 
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Table 26. Descriptors of Construction Management Firms Seeking to Increase BIM Usage in 

Five Years 

Descriptor of firms seeking to increase BIM usage M SD 

Upper management support 4.84 0.50 

Willingness to provide BIM education to firms 4.26 0.93 

Firms that see how BIM will provide a return on investment when utilized (ROI-

driven) 
4.21 0.71 

Willing to investment in training and software/hardware 4.21 0.79 

Firms that work with owners requiring BIM 4.11 1.10 

Complex construction firms 3.95 1.13 

Specialty firms 3.95 1.13 

Influence / ability to work with the design team 3.95 1.03 

Hospital construction firms 3.89 1.15 

School construction firms 3.84 1.07 

AEC contractors looking to expand their proficiency and work with more modular 

construction 
3.84 1.01 

Large revenue firms (over 50 million USD per year) 3.58 0.84 

Commercial firms 3.58 0.96 

Large firms (500 + employees) 3.53 1.02 

Medium to large size firms (101 – 500 employees) 3.47 0.90 

Medium revenue firms (1 million USD to 50 million USD per year) 3.47 0.96 

Small to medium size firms (20 - 100 employees) 3.37 1.01 

Heavy / site firms 3.32 1.06 

Lean firms 3.26 1.24 

Residential firms 3.26 1.15 

Highway firms 3.26 1.05 

Small firms (20 or less employees) 3.21 1.13 

Small revenue firms (1 Million USD or less per year) 3.16 1.12 
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APPENDIX F: ROUND THREE RESPONSES 

Table 27. BIM Related Cost Estimating Skills and Competencies Needed by Construction 

Managers in Five Years 

Cost estimating skill or competency with Round Two scores M SD 

BIM model-based quantity takeoff (and verification) M = 4.42 SD =  

0.77 

4.33 0.77 

Understanding "hidden" materials needed for construction that are not 

well modeled in BIM M = 4.37 SD =  1.07 

4.22 0.65 

Ability to competently work with BIM software associated with the 

industry M = 4.37 SD =  0.76 

4.11 0.68 

Able to validate model accuracy M = 4.05 SD =  1.13 4.00 0.91 

Interrogate models (confederation and linking / Mashable software 

fluency / Manipulate multidisciplinary model) M = 4.26 SD =  0.81 

3.94 0.73 

Reading and understanding BIM design on screen without the need for 

printed drawings M = 4.21 SD =  0.85 

3.94 1.00 

Measurements directly from a BIM model M = 4.05 SD =  0.78 3.94 0.64 

Understanding project risks M = 3.89 SD =  1.10 3.94 0.73 

Develop estimate using BIM software M = 4.37 SD =  0.83 3.89 1.02 

Conceptualize / understand the BIM process M = 4.32 SD =  0.95 3.89 0.96 

Collaborative skills M = 4.11 SD =  1.20 3.89 1.02 

Traditional construction installation methods / assemblies / processes 

(real world, “hands-on”) M = 4.05 SD =  0.91 

3.89 0.83 

Create accurate models M = 4.00 SD =  1.20 3.89 0.90 

Extracting properties of BIM elements M = 4.00 SD =  0.82 3.89 0.47 

Model analysis for accuracy M = 4.00 SD =  1.20 3.83 0.79 

Same theoretical skills currently required M = 4.00 SD =  0.94 3.83 0.71 

Identification of quantities that are most meaningful to track at the 

jobsite (ex. Cost per cu yd. or cost per Sq. Ft.) M = 3.95 SD =  0.78 

3.83 0.62 

Interpersonal skills M = 3.74 SD =  1.33 3.83 1.04 

Data Management for BIM M = 4.21 SD =  0.98 3.78 0.81 

Model sorting and filtering M = 4.11 SD =  0.57 3.78 0.81 

Create schedules / quantities into desired work quantities by trades M = 

4.05 SD =  0.71 

3.78 0.94 

Communicating model detailing requirements with specialty contractors 

M = 4.05 SD =  0.62 

3.78 0.81 

Traditional methods for estimating labor and equipment rates M = 3.79 

SD =  0.98 

3.78 0.65 

Teamwork skills M = 3.84 SD =  1.38 3.72 0.96 



164 

 

Table 27 (continue). BIM Related Cost Estimating Skills and Competencies Needed by 

Construction Managers in Five Years 

 

Manipulate multidisciplinary model M = 4.05 SD =  0.71 3.71 0.77 

Joining and relating tables from the model with estimating databases M 

= 4.00 SD =  0.75 

3.67 0.59 

Viewing element properties M = 3.89 SD =  0.99 3.67 0.59 

Model item naming conventions M = 3.89 SD =  1.05 3.67 0.84 

Creating / modifying schedules of BIM elements M = 4.05 SD =  0.85 3.61 0.61 

Understand temporary construction M = 3.79 SD =  0.92 3.61 0.85 

Turn BIM models into work based structure (WBS) M = 3.58 SD =  

1.07 

3.61 0.85 

Past project performance to supports productivity and costs M = 3.89 

SD =  1.05 

3.56 0.98 

Filtering and isolating model elements M = 3.79 SD =  0.79 3.56 0.78 

Current related topics that are taught in traditional Construction 

Management programs M = 3.79 SD =  0.85 

3.56 0.78 

Traditional knowledge in creation of a bid estimate M = 3.68 SD =  1.06 3.56 0.86 

Know what indirect and overhead costs are M = 3.32 SD =  1.20 3.56 0.92 

Populate information in the model M = 3.74 SD =  1.05 3.50 0.86 

Change management using BIM M = 3.74 SD =  1.05 3.50 0.99 

Traditional quantity take-off calculations M = 3.42 SD =  1.12 3.50 1.10 

Traditional print reading M = 3.32 SD =  1.16 3.50 0.99 

Reading and understanding BIM design on screen without the need for 

printed specifications M = 4.00 SD =  1.20 

3.44 0.98 

Ability to use BIM for coordination of systems and site logistics M = 

3.74 SD =  0.87 

3.44 0.86 

4D construction phasing / simulation M = 3.74 SD =  0.93 3.44 0.86 

Populate information in the model M = 3.68 SD =  1.16 3.44 0.70 

How to define or recognize system boundaries for the cost database M = 

3.68 SD =  0.95 

3.44 0.78 

Concept of Level of Development (LOD) M = 3.84 SD =  1.12 3.39 0.98 

Model clash detection M = 3.79 SD =  1.23 3.39 0.85 

Logistics planning M = 3.63 SD =  1.07 3.39 0.78 

Create project scopes out of model components with specifications M = 

3.68 SD =  1.00 

3.33 0.84 

Exporting values from models M = 3.58 SD =  0.77 3.33 0.91 

Ability to function within integrated decision making systems M = 3.63 

SD =  1.12 

3.28 0.89 
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Table 27 (continue). BIM Related Cost Estimating Skills and Competencies Needed by 

Construction Managers in Five Years 

 

Life cycle costing M = 3.42 SD =  1.22 3.24 1.15 

Developing construction plans and sequences using the 3D model M = 

3.58 SD =  0.84 

3.22 1.11 

Understanding risk accounting M = 3.47 SD =  1.31 3.22 1.00 

Technical data entry M = 3.11 SD =  1.15 3.22 0.73 

Model-based RFI process M = 3.74 SD =  1.05 3.17 0.92 

4D scheduling M = 3.53 SD =  1.22 3.17 1.04 

Developing desired virtual mock-ups for fabrication and installation of 

building systems M = 3.47 SD =  0.70 

3.17 0.86 

Integrate drawings and specifications into the BIM process M = 3.44 

SD =  0.92 

3.17 1.10 

Contract document creation using BIM M = 3.26 SD =  1.28 3.17 1.04 

Field tracking using BIM M = 3.16 SD =  1.12 3.17 1.10 

Use BIM for site layout M = 3.42 SD =  1.07 3.11 1.08 

Scaffolding and safety concerns / processes M = 3.26 SD =  0.93 3.11 0.58 

Create and assess virtual mock-ups M = 3.11 SD =  0.94 3.11 1.13 

Modeling excavations M = 3.00 SD =  1.15 3.11 1.13 

Creating virtual mockups for QA/QC M = 3.37 SD =  1.01 3.06 1.11 

Understand facility operations M = 3.26 SD =  1.19 3.06 0.94 

Sectioning a model M = 3.47 SD =  1.02 3.00 1.03 

Automated documentation generation from BIM M = 3.42 SD =  1.26 2.94 0.87 

Schema correlation for converting BIM data in CAFMS M = 3.00 SD =  

1.25 

2.83 1.10 

Personnel management M = 2.84 SD =  1.21 2.78 1.06 

Process simulation techniques M = 3.26 SD =  1.05 2.72 0.96 

Modeling safety plans as submissions M = 2.84 SD =  1.07 2.61 1.14 

Modeling equipment for visual purposes M = 2.95 SD =  1.13 2.56 1.04 

Handle the GIS information M = 2.63 SD =  1.21 2.41 1.18 

Simulating energy analysis and Embodied energy M = 2.37 SD =  1.16 2.41 1.28 

Experience with augmented reality M = 2.37 SD =  1.16 2.33 1.03 

Drawing production to paper M = 2.21 SD =  0.92 2.33 0.97 

 

  



166 

 

Table 28. BIM Related Scheduling and Control Skills and Competencies Needed by 

Construction Managers in Five Years 

Scheduling and control skill or competency with Round Two scores M SD 

Knowledge of construction sequencing and installation details M =  4.42 SD =  

0.61 

4.72 0.57 

Ability to competently work with BIM software associated with the industry M 

=  4.42 SD =  0.90 

4.61 0.70 

Theory of scheduling M =  4.37 SD =  0.68 4.44 0.70 

Using software to accurately portray and simulate the events - not simply to 

show an animation M =  4.21 SD =  0.71 

4.39 0.70 

Construction methodology and processes M =  4.21 SD =  0.85 4.39 0.61 

Construction activity dependence (predecessor / successor activities) M =  4.32 

SD =  0.67 

4.33 0.69 

Current related topics that are taught in traditional Construction Management 

programs M =  4.17 SD =  0.92 

4.17 0.51 

Critical Path Method scheduling M =  4.05 SD =  0.85 4.17 0.86 

Logic for scheduling M =  4.16 SD =  0.69 4.06 0.73 

Breaking up model elements M =  4.16 SD =  0.76 4.06 0.64 

Collaboration skills between model makers and schedulers M =  4.05 SD =  

0.91 

4.06 0.94 

Sync and incorporate BIM model changes into 4D Phasing/simulation M =  

4.00 SD =  0.94 

4.00 0.77 

Interpersonal communication skills M =  4.00 SD =  1.25 3.89 1.08 

Creation of 4D Phasing/simulation/ work processes M =  3.95 SD =  0.97 3.89 0.58 

Construction sequencing / construction processes / “hands-on” traditional 

knowledge M =  3.89 SD =  0.94 

3.89 0.47 

How to break up and align BIM models to corresponding construction 

activities M =  4.00 SD =  0.88 

3.83 0.79 

Understand and use BIM databases M =  3.95 SD =  1.08 3.83 0.71 

Understand material flow M =  4.00 SD =  0.75 3.78 0.73 

Update the schedule when BIM model changes M =  3.89 SD =  1.10 3.78 0.55 

Accurately modeling the construction process in BIM M =  3.89 SD =  0.88 3.72 0.67 

Correlating BIM elements with related construction methods M =  3.84 SD =  

0.76 

3.72 0.57 

Use of BIM to plan work activities and avoid conflicts of work interest M =  

3.95 SD =  1.03 

3.67 0.69 

Read existing schedule M =  4.00 SD =  1.05 3.61 1.33 
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Table 28 (continue). BIM Related Scheduling and Control Skills and Competencies Needed by 

Construction Managers in Five Years 

 

Interrogate models (confederation and linking / Mashable software fluency / 

automatically linking items to a schedule/ Multidisciplinary model 

coordination) M =  3.89 SD =  0.94 

3.61 0.78 

Breakdown of building systems by trades and specialty M =  3.84 SD =  0.83 3.61 0.70 

BIM export for scheduling 4D M =  3.89 SD =  1.05 3.56 0.62 

Real world experience for correctly estimating M =  3.74 SD =  1.19 3.56 0.78 

Theoretical scheduling techniques M =  3.53 SD =  0.90 3.56 0.62 

Scheduling theory applied to BIM M =  3.63 SD =  1.16 3.53 0.62 

Gantt chart scheduling M =  3.74 SD =  0.81 3.50 0.71 

Attach a time parameter to a 3D object M =  3.53 SD =  1.26 3.47 0.72 

Model-based quantification M =  3.95 SD =  0.97 3.44 0.86 

Integrate material flow to optimize work M =  3.84 SD =  0.69 3.44 0.70 

Ability to visualize work flow M =  3.84 SD =  1.12 3.44 0.70 

Use 4D phasing /simulation to conduct "What If" analysis to generate resource 

optimization M =  3.79 SD =  0.92 

3.44 0.62 

Capturing element status information / comparing actual vs planned properties 

for BIM elements M =  3.79 SD =  1.03 

3.44 0.70 

As-built the schedule in BIM / update ongoing work activities M =  3.79 SD =  

0.98 

3.44 0.62 

Use 4D schedule to manage the Contractor's work process M =  3.74 SD =  

0.87 

3.44 0.62 

Cost and production tracking metrics M =  3.53 SD =  1.02 3.44 0.70 

Modifying schedules of BIM elements M =  3.84 SD =  0.83 3.39 0.61 

Highlighting model elements which aren't on schedule M =  3.68 SD =  0.89 3.39 0.61 

Understanding of the industry classification system M =  3.58 SD =  1.17 3.39 1.04 

Using BIM to mine historical records and sequence and simulate future 

projects from prior data M =  3.53 SD =  1.12 

3.39 0.61 

Ability to function within integrated decision making systems M =  3.74 SD =  

0.73 

3.33 0.77 

Apply 4D schedule to subcontractors M =  3.74 SD =  0.87 3.33 0.69 

Current related topics that are taught in traditional Construction Management 

programs M =  3.68 SD =  1.00 

3.33 0.84 

Work breakdown structure (what can be completed in a day and represent that 

in BIM) M =  3.58 SD =  1.02 

3.33 0.49 

Crew production rate M =  3.74 SD =  1.15 3.29 0.59 

Ability to link schedules with other contractors working on project M =  3.79 

SD =  1.03 

3.28 0.57 
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Table 28 (continue). BIM Related Scheduling and Control Skills and Competencies Needed by 

Construction Managers in Five Years 

 

Read the BIM Model electronically M =  3.79 SD =  1.13 3.28 1.02 

Navigate and manipulate the model to extract Work Breakdown Structures and 

schedule activities M =  3.63 SD =  1.01 

3.28 0.57 

Manipulate the model to align it with the Work Breakdown Structure M =  

3.63 SD =  0.96 

3.28 0.67 

Field compliance check using BIM M =  3.58 SD =  1.26 3.28 0.75 

Location based scheduling M =  3.47 SD =  1.17 3.28 0.89 

Use of tablet or smartphone in field to capture real time quantities complete M 

=  3.42 SD =  1.02 

3.28 1.07 

Highlighting elements that are delivered M =  3.63 SD =  0.90 3.22 0.81 

Updating Model information M =  3.58 SD =  0.96 3.22 0.81 

Competency on quantity takeoff (traditional) M =  3.53 SD =  1.26 3.22 0.81 

Mobile computing technology M =  3.47 SD =  1.12 3.22 1.11 

Extracting properties of BIM elements M =  3.79 SD =  0.92 3.18 0.39 

Creating schedules of BIM elements M =  3.79 SD =  0.85 3.17 0.51 

Developing support systems (temporary structures) in BIM M =  3.53 SD =  

0.90 

3.17 0.71 

Creating tables and summarizing element data M =  3.53 SD =  0.90 3.17 0.92 

Location-based resource scheduling M =  3.47 SD =  1.22 3.17 0.79 

Understanding of labor rates M =  3.42 SD =  1.26 3.17 0.79 

Developing model-based work sets/work package M =  3.53 SD =  1.02 3.12 0.70 

Equipment production rate M =  3.74 SD =  1.15 3.11 0.68 

Understanding model information hierarchy M =  3.68 SD =  0.95 3.11 0.58 

Lean practices / theory and application M =  3.42 SD =  1.02 3.11 0.96 

Developing high level of definition (350-400) model with fabrication and 

installation in mind M =  3.37 SD =  1.07 

3.11 1.13 

Exporting values from models M =  3.47 SD =  0.96 3.06 0.83 

Attaching "area" parameters to elements M =  3.44 SD =  0.98 3.06 0.80 

Reference specific assumptions and/or example projects that justify the activity 

duration M =  3.37 SD =  0.96 

3.00 0.77 

Work scheduling resource assignment M =  3.32 SD =  1.11 3.00 0.77 

Construction Specifications Institute – MasterFormat knowledge M =  3.32 SD 

=  1.25 

2.94 0.94 

Qualify (how to count items) M =  3.26 SD =  1.10 2.94 1.16 

Creating animations showing project progress M =  3.26 SD =  1.10 2.94 1.06 

Budget creation with an owner M =  3.32 SD =  1.25 2.89 1.13 

Omniclass knowledge M =  3.21 SD =  1.55 2.88 1.17 
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Table 28 (continue). BIM Related Scheduling and Control Skills and Competencies Needed by 

Construction Managers in Five Years 

 

Earned Value Management M =  3.16 SD =  1.01 2.72 1.13 

Line of balance scheduling M =  3.11 SD =  1.15 2.56 0.98 

Use price book with construction activity durations M =  3.11 SD =  0.99 2.39 0.98 

Imaging-based schedule track and reporting M =  3.05 SD =  0.97 2.28 1.02 

Skills with augmented reality M =  2.68 SD =  1.34 2.17 1.20 

Use of S-curves M =  2.84 SD =  1.30 1.89 0.96 
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Table 29. BIM Related Project Administration Skills and Competencies Needed by Construction 

Managers in Five Years 

Project administration skills or competency with Round Two scores M SD 

Knowledge of construction processes M =  4.42 SD =  0.69 4.72 0.67 

Understand liability of sharing models and willingness to collaborate M 

=  4.11 SD =  0.81 4.59 0.62 

Virtual team collaboration tools (distance communication skills) M =  

4.32 SD =  0.75 4.56 0.70 

Ability to competently work with BIM software associated with the 

industry M =  4.32 SD =  0.82 4.56 0.78 

BIM-based constructability review M =  4.16 SD =  1.01 4.50 0.71 

Integration of BIM into traditional contracts M =  4.26 SD =  0.93 4.44 0.70 

Interpersonal skills related to BIM communication M =  4.00 SD =  

0.94 4.29 0.77 

Model ownership knowledge M =  4.16 SD =  0.90 4.28 0.89 

Design - Build theory and practice M =  4.00 SD =  1.05 4.28 0.75 

Use of BIM to identify and analyze risk during preconstruction M =  

3.95 SD =  0.97 4.11 0.76 

BIM-based field coordination M =  3.89 SD =  0.88 3.94 0.54 

Integrated Project Delivery theory and practice M =  3.95 SD =  1.18 3.89 0.83 

Perform "what if" scenarios to the risks being evaluated in BIM model 

M =  3.95 SD =  1.03 3.89 0.47 

Quality assurance / Quality control theory M =  3.79 SD =  0.79 3.89 0.58 

BIM-based contract drafting, execution and compliance   management 

M =  3.68 SD =  0.82 3.83 0.51 

BIM-based field compliance M =  3.84 SD =  0.90 3.78 0.65 

Complete as-built in BIM model while work is progressing M =  3.78 

SD =  0.88 3.78 0.73 

Using BIM to prefabricated assemblies M =  3.63 SD =  1.12 3.78 0.73 

Legal pitfalls of BIM M =  3.89 SD =  0.81 3.72 0.67 

Punch list applications that use the BIM model M =  3.84 SD =  0.96 3.72 0.67 

BIM-based RFI M =  3.79 SD =  1.13 3.72 0.67 

Current related topics that are taught in traditional Construction 

Management programs M =  3.74 SD =  0.93 3.72 0.75 

Construction progress tracking in field M =  3.74 SD =  0.87 3.72 0.57 

Identify safety risks through BIM model M =  3.63 SD =  1.07 3.67 0.69 

Metadata and information assurance M =  3.58 SD =  1.02 3.65 0.61 

Understand and use BIM databases M =  3.84 SD =  1.21 3.61 0.70 
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Table 29 (continue). BIM Related Project Administration Skills and Competencies Needed by 

Construction Managers in Five Years 

 

Skills with 4D simulation and schedule control M =  3.79 SD =  1.18 3.61 0.85 

Comparing actual vs. planned properties for BIM elements M =  3.68 

SD =  0.89 3.61 0.70 

Traditional (“hands-on”) knowledge for application to construction 

assemblies for modeling M =  3.68 SD =  0.95 3.56 0.51 

Document in a 3D environment issues and concerns related to quality 

assurance / control M =  3.68 SD =  1.11 3.56 0.62 

Public Private Partnership theory and practice M =  3.58 SD =  1.22 3.56 0.98 

Material tracking for quality assurance / control M =  3.58 SD =  0.69 3.56 0.70 

Contract law M =  3.47 SD =  0.84 3.56 0.51 

Ability to function within integrated decision making systems and full 

engagement with systems thinking M =  3.63 SD =  0.96 3.50 0.79 

Construction law M =  3.58 SD =  0.90 3.50 0.71 

Capturing element exceptions and issues in a model related to risk M =  

3.53 SD =  0.90 3.50 0.62 

Skills with 5D simulation and cost control M =  3.58 SD =  1.22 3.44 0.98 

Document in physical format with a legally binding source M =  3.47 

SD =  1.12 3.44 0.70 

Experienced in building codes M =  3.58 SD =  0.77 3.39 0.78 

BIM-based field compliance for quality assurance / control M =  3.58 

SD =  1.07 3.39 0.70 

Submittal and transmittal process using BIM M =  3.53 SD =  1.12 3.39 0.85 

Function within integrated decision making systems and full 

engagement with systems thinking M =  3.42 SD =  0.77 3.39 0.85 

Ability to compare and contrast different models used in different 

phases M =  3.58 SD =  0.90 3.33 0.59 

What if' scenarios using conceptual models for financial considerations 

M =  3.58 SD =  0.84 3.33 0.69 

Incorporating risk knowledge into work planning M =  3.58 SD =  0.96 3.33 0.69 

BIM for automated code compliance M =  3.53 SD =  1.07 3.33 1.03 

Sync BIM data to other systems where economic analysis and cash 

flow can be generated M =  3.53 SD =  1.07 3.33 1.03 

Ability to compare the design model and the trade model for accuracy 

M =  3.42 SD =  0.84 3.33 0.59 

Integration of the International Building Code into BIM (soft wares for 

code checking) M =  3.58 SD =  0.84 3.28 0.89 
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Table 29 (continue). BIM Related Project Administration Skills and Competencies Needed by 

Construction Managers in Five Years 

 

BIM-based bid soliciting and contracting process M =  3.53 SD =  0.77 3.28 0.83 

Cost tracking with a model from field M =  3.53 SD =  0.84 3.28 0.57 

BIM-based submittal and transmittal process for quality assurance / 

control M =  3.42 SD =  0.96 3.17 0.86 

Business law M =  3.32 SD =  0.89 3.17 0.71 

Skills with BIM simulation and cost control M =  3.32 SD =  1.00 3.17 0.86 

Virtual mockups for quality assurance / control M =  3.26 SD =  0.73 3.17 0.71 

Laser scanning for comparing in place with predicted construction M =  

3.32 SD =  1.11 3.11 0.83 

Capturing element status information in a model M =  3.42 SD =  0.96 3.06 0.94 

Safety submissions using BIM M =  3.33 SD =  1.19 3.06 1.11 

Tracking element exceptions and issues M =  3.26 SD =  0.99 3.06 0.73 

Creating tables and summarizing element data M =  3.42 SD =  0.77 3.00 0.77 

AIA e202 - AGC consensus Doc’s M =  3.32 SD =  1.16 3.00 1.08 

Mashable software fluency M =  3.32 SD =  0.95 3.00 1.08 

Creating animations showing project progress M =  3.26 SD =  1.10 3.00 0.77 

Sectioning the model M =  3.26 SD =  1.10 3.00 0.59 

Use of BIM to complete cash flow projections M =  3.26 SD =  0.87 3.00 0.97 

Industry practice of Construction Industry Institute M =  3.37 SD =  

1.07 2.94 1.06 

Project management Body of Knowledge from Construction Industry 

Institute M =  3.16 SD =  1.17 2.83 0.92 

Lean construction theory M =  2.89 SD =  1.33 2.67 1.19 

Excavation / layback modeling M =  2.95 SD =  1.22 2.56 0.78 

Equipment modeling using BIM M =  2.84 SD =  1.12 2.00 0.77 

United States Army Core of Engineers QC/QA course M =  2.68 SD =  

0.89 1.89 0.83 
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Table 30. BIM Related Contract Document Skills and Competencies Needed by Construction 

Managers in Five Years 

Contract document skill or competency with Round Two scores M SD 

Traditional contract knowledge / process / methods M =  3.95 SD =  0.85 4.44 0.70 

Traditional construction installation methods / assemblies / processes (real 

world, “hands-on”) M =  3.84 SD =  0.96 4.24 0.97 

Model-based quantification M =  3.89 SD =  1.13 4.11 1.18 

BIM-based supply chain management M =  3.84 SD =  0.76 4.11 0.96 

Linking BIM elements to construction materials and services M =  3.79 SD 

=  0.79 4.06 1.03 

Ability to competently work with BIM related contract document software 

associated with the industry M =  3.78 SD =  0.94 3.94 0.80 

Using BIM to develop bill of materials (material list for procurement) M =  

3.79 SD =  1.08 3.89 1.23 

Creating schedules of BIM elements M =  3.84 SD =  1.01 3.83 1.29 

Correlating BIM elements with related construction methods M =  3.74 SD 

=  0.87 3.83 0.71 

Extracting properties of BIM elements M =  3.74 SD =  0.99 3.78 0.88 

Use model to communicate risk M =  3.63 SD =  1.30 3.78 0.81 

BIM- based pre-fabrication M =  3.63 SD =  1.07 3.78 0.94 

Use of BIM Model to enhance the submittal and manufacturing process M =  

3.58 SD =  0.96 3.78 0.81 

BIM-based modular construction M =  3.63 SD =  1.07 3.72 1.07 

Use of BIM to create material lists / quantity take off M =  3.58 SD =  1.26 3.67 0.77 

BIM-based overhead coordination M =  3.50 SD =  1.25 3.56 0.92 

Modifying schedules of BIM elements M =  3.68 SD =  0.95 3.50 0.92 

Using BIM to create procurement documents M =  3.47 SD =  0.90 3.50 0.92 

Material tracking M =  3.53 SD =  0.90 3.44 0.78 

BIM-based safety planning through appropriate site layout and logistic 

planning M =  3.42 SD =  1.12 3.17 1.10 

BIM-based field compliance checking and scheduling updating M =  3.42 

SD =  1.12 3.17 0.99 

Create high Level of Definition model with fabrication and installation in 

mind M =  3.42 SD =  0.90 3.17 0.99 

Prepare request for quotation (RFQ) M =  3.42 SD =  0.96 3.00 0.97 

Procedures for handling and the hazards in construction M =  3.37 SD =  

0.83 3.00 0.91 
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Table 30 (continue). BIM Related Contract Document Skills and Competencies Needed by 

Construction Managers in Five Years 

 

Rule checking in the model to highlight OSHA violations M =  3.26 SD =  

1.10 2.94 1.00 

OSHA training and implementation of OSHA checking soft wares for BIM 

software M =  3.05 SD =  1.27 2.59 0.87 

E-tendering M =  2.95 SD =  1.31 2.39 0.98 

Associated General Contactor training for procurement M =  2.63 SD =  

1.30 2.17 0.99 

Construction Industry Institute training for procurement M =  2.47 SD =  

1.12 2.17 0.99 
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Table 31. BIM Related Other Skills and Competencies Needed by Construction Managers in 

Five Years 

Other skills or competencies not included in another question with Round 

Two scores 
M SD 

Written communication M =  4.58 SD =  0.61 4.72 0.57 

Ethics M =  4.58 SD =  0.61 4.67 0.59 

Interpersonal skills M =  4.58 SD =  0.69 4.61 0.70 

Verbal communication M =  4.53 SD =  0.70 4.61 0.61 

Leadership M =  4.47 SD =  0.70 4.56 0.62 

Ability to use the BIM model as a decision making tool M =  4.47 SD =  0.61 4.50 0.71 

Presentation skills M =  4.37 SD =  0.83 4.33 0.69 

Fundamental curriculum for Construction Managers as a prerequisite for 

BIM M =  4.37 SD =  0.68 
4.00 0.84 

Ability to quickly adapt to the new roles and responsibilities that comes with 

the use of BIM M =  4.32 SD =  0.75 
4.00 0.69 

Technical computer skills M =  4.16 SD =  0.76 3.89 0.68 

Prefabrication using BIM M =  4.00 SD =  1.00 3.72 0.96 

BIM with mobile devices and cloud computing M =  4.32 SD =  0.75 3.67 0.69 

Updates in software and changes in industry / further build on Mashable 

software applications / software fluency for discipline M =  4.11 SD =  1.20 
3.61 0.70 

Understanding the type of computer hardware and software needed to use 

and manage a BIM Model M =  3.84 SD =  1.01 
3.50 0.99 

Convert to a paperless project M =  3.95 SD =  0.91 3.33 1.33 

Use of model for facility management M =  3.74 SD =  1.24 3.28 1.07 

Use of model for life cycle analysis M =  3.53 SD =  1.22 3.22 1.06 

Further integrate BIM with augmented reality M =  3.37 SD =  0.96 2.94 1.20 

Laser scanning of buildings M =  3.37 SD =  1.26 2.89 1.08 

Understanding of scanning and digitizing pdf files M =  2.95 SD =  1.22 2.33 1.03 
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Table 32. Descriptors of Construction Managers Seeking to Increase BIM Usage in Five Years 

Descriptor of individual seeking to increase BIM usage with Round Two 

scores 
M SD 

Teamwork mentality M =  4.32 SD =  0.75 4.67 0.77 

Motivated M =  4.37 SD =  0.83 4.65 0.61 

Managers and Principals interested in making a difference M =  4.33 SD =  

0.77 
4.56 0.86 

Those who see the project stakeholders as team players and not antagonists 

M =  4.32 SD =  0.95 
4.50 0.86 

Ready for change M =  4.21 SD =  0.85 4.39 0.85 

Those used to look for new way to deliver better projects every time M =  

4.16 SD =  0.90 
4.06 0.97 

Leaders M =  4.05 SD =  0.85 4.06 1.00 

Not those entrenched in "old ways of doing business" M =  4.11 SD =  1.10 
3.94 1.16 

Cutting edge M =  4.00 SD =  0.82 3.83 0.79 

Individuals with a willingness to develop a career in Construction 

Management M =  3.84 SD =  1.07 
3.67 0.69 

Younger individuals with training from veterans in construction processes 

M =  3.84 SD =  0.90 
3.56 0.70 

Looking to reduce costs (cost conscience) M =  3.79 SD =  1.08 3.50 0.62 

Tech savvy users M =  3.58 SD =  0.90 3.28 0.67 

Superintendents who like computers M =  3.42 SD =  0.96 3.11 0.76 

Young Innovators M =  3.21 SD =  1.27 3.00 0.77 

HVAC technicians M =  3.21 SD =  1.03 3.00 0.84 

Computer science / engineering, and software individuals M =  3.37 SD =  

0.96 
2.94 0.64 

Mechanical engineers M =  3.32 SD =  0.95 2.94 0.73 

Experienced with large complex projects M =  3.11 SD =  1.05 2.67 0.97 

Young Managers M =  3.05 SD =  0.91 2.50 0.92 

Older managers M =  3.00 SD =  1.00 2.28 0.96 

PIXAR castoffs M =  2.05 SD =  1.27 1.89 0.96 
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Table 33. Descriptors of Construction Management Firms Seeking to Increase BIM Usage in 

Five Years 

Descriptor of firms seeking to increase BIM usage with Round Two scores M SD 

Upper management support M =  4.84 SD =  0.50 4.83 0.51 

Willingness to provide BIM education to firms M =  4.26 SD =  0.93 4.72 0.75 

Willing to investment in training and software/hardware M =  4.21 SD =  

0.79 
4.61 0.85 

Firms that see how BIM will provide a return on investment when utilized 

(ROI-driven) M =  4.21 SD =  0.71 
4.56 0.78 

Firms that work with owners requiring BIM M =  4.11 SD =  1.10 4.39 0.78 

Complex construction firms M =  3.95 SD =  1.13 4.06 1.11 

Influence / ability to work with the design team M =  3.95 SD =  1.03 3.89 0.83 

Specialty firms M =  3.95 SD =  1.13 3.83 1.04 

AEC contractors looking to expand their proficiency and work with more 

modular construction M =  3.84 SD =  1.01 
3.78 0.65 

Hospital construction firms M =  3.89 SD =  1.15 3.67 0.84 

AEC mechanical contractors looking to expand their proficiency and work 

with more modular construction M =  3.84 SD =  1.01 
3.67 0.59 

School construction firms M =  3.84 SD =  1.07 3.61 0.78 

Large revenue firms (over 50 million USD per year) M =  3.58 SD =  0.84 3.50 0.71 

Large firms (500 + employees) M =  3.53 SD =  1.02 3.39 0.70 

Commercial firms M =  3.58 SD =  0.96 3.33 0.59 

Lean firms M =  3.26 SD =  1.24 3.06 1.00 

Medium to large size firms (101 – 500 employees) M =  3.47 SD =  0.90 3.00 0.77 

Medium revenue firms (1 million USD to 50 million USD per year) M =  

3.47 SD =  0.96 
3.00 0.69 

Heavy / site firms M =  3.32 SD =  1.06 2.89 0.76 

Small to medium size firms (20 - 100 employees) M =  3.37 SD =  1.01 2.83 0.86 

Residential firms M =  3.26 SD =  1.15 2.50 0.79 

Highway firms M =  3.26 SD =  1.05 2.50 0.99 

Small firms (20 or less employees) M =  3.21 SD =  1.13 2.22 0.81 

Small revenue firms (1 Million USD or less per year) M =  3.16 SD =  

1.12 
2.22 0.81 

 


