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There can be no doubt of the impact emerging and innovative technology is making across the 
entire construction industry. From planning, design, construction, and facilities or asset 

s are also becoming 
more prevalent in the infrastructure and transportation industries. There are challenges to consider 
when adopting new software or hardware solutions, in which people can be the biggest hurdle.  
Business owners must be convinced the ROI is there and users must see that the learning curve is 
not so disruptive that it impacts the project schedule. There can also be reluctance to embrace 

agrees that IT makes sense and it is inevitable in the coming years. The questions that need to be 
addressed are what to adopt and how to do it remain the primary concerns? With examples from 
the transportation industry, this paper discusses the latest practices, challenges, practical solutions, 
and the outlook of information technology and data integration in the construction, infrastructure, 
and transportation Industries. 

With an ever-expanding list of devices and means of field data acquisition tied to project delivery 
systems, it is growing more important every day to automate or streamline as many of these data 
paths as possible. It is also essential to design an effective method to realize data integration and 
interoperability between the various information systems (Costin and Eastman 2019). Efficient 
interaction between devices and applications and reduces the time and effort needed for 
communication and information exchange among different stakeholders during the project 
lifecycle. Leveraging these technologies is critical because of the accuracy and efficiency they 
bring to the project. Incorporating this data into project workflow while maintaining integrity is 
only the first step in the process. Infotech2

developer that has a project going with Leica and HNTB to streamline the path for inspection data 
coming from the Leica rover and bringing that data into the Appia® construction administration 

2   https://www.infotechinc.com/ 



software used to manage the inspection data. Maintaining the data and adding functionality to 
manipulate or run analysis during project delivery is the stage where the greatest benefits will be 
achieved. 

Considering the latest statistics from Dodge Analytics (2019), McKinsey Global Institute (2017), 
KPMG International (2019), and others, there is a sense for what is being referred to as the 

many of them to a digital workflow. Plan distribution, bidding, and invoicing have all migrated in 
that direction. The benefits include more efficient processes with a higher level of accuracy. 
According to Command Alkon3, their eTicketing solution for concrete saves on average ten 
minutes per load, per day  that equates to an extra load can be obtained almost every day. This is 
just one of many examples throughout the AEC industry. 

option 
levels for construction firms: Innovative Leaders at the top 20%; Followers in the middle 60%; 

study further illustrates the fact that those Innovative Leaders are not only ahead of the curve with 
well-known technology such as laser scanning, rovers and drones, they are now leveraging that 
expertise in emerging technology like artificial intelligence (AI), Predictive Analytics and the 
internet of things (IoT.) The point here is that software and hardware dev cycles are increasing, 
not decreasing. This means that the longer it takes for many of the Behind the Curve  firms to 
begin on this journey they grow further behind than they probably even know. That same study 
states that 70% of construction companies believe those who do not adopt digital ways of working 
will go out of business. 

The next level of innovation comes from hardware and software developers. Firms, such as Leica4,
have introduced faster and more accurate laser scanners, rovers, and total robotic stations. The use 
of drones has exploded with departments of transportation ( ), contractors, and inspectors 
working on construction projects. Virtual Reality and Augmented Reality (VR/AR) are now 
coming into the fold with leading-edge firms looking for better ways to communicate and 
collaborate more effectively with owner agencies, engineers, and other project team members. 
Building Information Modeling (BIM) has the potential to be the same catalyst it was in the vertical 
construction market. According to Federal Highway Administration (FHWA), BIM is a 
collaborative work method for structuring, managing, and using data and information about 
transportation assets throughout the lifecycle (F
Florida DOT, have joined the Transportation Pooled Fund  TPF-5(372) BIM for Bridges5

initiative along with FHWA and software vendors. BIM has been a paradigm shift in the building 

3 http://commandalkon.com/getetickets/ 
4 https://leica-geosystems.com/ 
5 https://bimforbridgesus.com/ 



environment, so the transportation industry is developing ways to integrate these technologies and 
solutions for transportation and infrastructure projects.  With several states now working on their 
Model as Contract programs, it is inevitable that anyone working on a transportation project is 
going to have to know how they interact with the model during the bid, build, and handover 
process.

The endgame of all this data is better lifecycle asset management, which is driving BIM and many 
of these other technologies. 3D modeling has been widely adopted across transportation and 
infrastructure projects and it is well known that Bentley was helping firms design in 3D long before 
Autodesk. The demand now is not just to help firms design better, but to have better visualization, 
improved communication, and more effective collaboration. These reasons are tangible benefits 
and should be considered when embracing 3D and the growing demand for model as the contract. 
What cities, states, and other owners and agencies are asking now is: how can I better manage my 
assets, physical and digital, for the life of the asset? In the transportation sector this does not just 
mean identifying guardrail location or streetlight condition anymore. The new assets will include 
sensors and cameras and other real-time data that are applied to what many refer to as Smart City 
technologies. 

The advances in technology, applications, and our ability to deploy the array of innovative 
solutions has the potential to revolutionize the transportation industry.  It should be noted all these 
solutions rely on abundance of data. Transportation organizations have relied on data for planning, 
design, building and maintenance of road and bridge infrastructures, as they understand that data 
is a valuable resource. As we gather more data about our transportation systems, we are now 
beginning to understand the importance of data as an enterprise asset that like other assets must be 
managed and developed to remain valuable. Also, the emerging technologies and the processes 
that will evolve as a result will challenge the next generation of employees. The American 
Association of State Highway and Transportation Officials (AASHTO) recognized the impact of 
this data surge forming the AASHTO Data Management and Analytics Committee and the 
Knowledge Management Committee.  These committees were instrumental in consuming the work 
of the National Cooperative Highway Research Program (NCHRP) reports related to Information 
and Knowledge Management (KM) research projects.  There were three core projects that provided 
a set of tools to transportation leaders about how to create better programs to support transportation 
systems and have formed a foundation for later research.  The panels also adopted definitions of 
common terms to create a better understanding of these concepts.   

 NCHRP Report 829, Leadership Guide for Strategic Information Management for State 
Departments of Transportation (NASEM 2016a). The guide provides a direction for 
creating a program, establishing policies, and implementing a strategy.  It targets the c-
level suite and division managers.   



 NCHRP Report 846, Improving Findability and Relevance of Transportation Information
(NASEM 2017).  The guide addresses the need for cooperation between business units and 
the tools that are needed to help employees find the information they need.   

 NCHRP Report 813, A Guide to Agency-Wide Knowledge Management for State 
Departments of Transportation (NASEM 2015a). This guide provides a course of action 
for developing an enterprise knowledge management plan and program.    

The work continues as later research is adding to the necessary tools and addresses the emerging 
concerns around cybersecurity and privacy.  

 NCHRP Document 221, Protection of Transportation Infrastructure from Cyber Attacks: 
A Primer (NASEM 2016b) 

 NCHRP Report 754, Improving Management of Transportation Information (NASEM 
2013). 

 NCHRP Report 814, Data to Support Transportation Agency Business Needs: A Self-
Assessment Guide (NASEM 2015b). 

 NCHRP SCAN 12-04, Advances in Transportation Agency Knowledge Management
(Halikowski et al. 2014). 

These systems rely on trusted data sources for all aspects of the enterprise business activities.  
Those who use the data must be confident that the data are accurate. Around 1997, the Michigan 
DOT decentralized operations to bring delivery closer to their customers at the local levels. The 
reorganization required better improved sharing of data and better knowledge management. The 
chief information officer created a governance structure with a steering committee and designated 
data owners for each of the data elements.  Data owners were the only people who could make 
changes/corrections to the data based on the guidance from the steering committee and their 
functional business knowledge.  There was a time when people would shop the department for 
answers that supported a specific agenda.  This was possible because every business unit were 
stewards of a unique data source.    

The AASHTO Data Management and Analytics Committee (AASHTO 2013) was established to 
address the collection, processing, analytics, reporting, and sharing of data within a multimodal 
transportations organization to support the entire program and project lifecycles. The vision is for 
the data to help transportation leaders make better informed decisions such as allocating resources 
to support the project life-cycle- rtation 
systems. The committee working with the other AASHTO committees and the US DOT data 
leadership promulgated seven core data principles (AASHTO 2013): 

 

 



 Principle 1  VALUABLE: Data is an asset; Data is a core business asset that has value and is 
managed accordingly. 

 Principle 2  AVAILABLE: Data is open, accessible, transparent, and shared; Access to data 
is critical to performing duties and functions, data must be open and usable for diverse 
applications and open to all.  

 Principle 3  RELIABLE: Data quality and extent is fit for a variety of applications; Data 
quality is acceptable and meets the needs for which it is intended. 

 Principle 4  AUTHORIZED: Data is secure and compliant with regulations; Data is 
trustworthy and is safeguarded from unauthorized access, whether malicious, fraudulent, or 
erroneous. 

 Principle 5  CLEAR: There is a common vocabulary and data definition; Data dictionaries 
are developed, and metadata established to maximize consistency and transparency of data 
across systems. 

 Principle 6  EFFICIENT: Data is not duplicated; Data is collected once and used many times, 
for many purposes. 

 Principle 7  ACCOUNTABLE: Decisions maximize the benefit of data; Timely, relevant, 
high-quality data are essential to maximize the utility of data for decision-making. 

It is the g
technologies.  With the mounting topics and research, data is at the heart of each.  One could argue 
that data powered the models and innovative uses of these emerging technologies. There has been 
an ongoing debate about the role of Information Technology (IT) and Operational Technology 
(OT) in managing these technologies, in which both are needed for success. The information and 
communications technology (ICT) traditionally managed by a chief information officer (CIO) or 
chief technology officer (CTO) bring the skills, technologies, and processes to collect, store, and 
manage the data.  The deployment of transportation technologies that support functional business 
activities works best when handled by those with business expertise.  Another argument is that a 
balanced team would include ICT professionals who know the business operations and OT 
professionals who understand the challenges for managing the infrastructure needed to use 
functional data and information.  

There are still significant challenges in accomplishing this streamlined data path (Costin et al. 
2018).  First is the human component.  Attempts to force change in workflow presents a multitude 
of challenges from training and education to overcoming resistance from individuals who feel like: 

 Adding to that potential complexities and impact on project schedule, 
while staff members are working their way over the learning curve with new technologies or 
business processes and successful results could be difficult to obtain. Second, there are software 
and technology challenges. Moving data from devices to applications and then to other 
applications, also referenced as interoperability, also present a variety of challenges. Solutions 
including software vendors providing open application programming interface (API) and the use 



of neutral exchange standards, such as IFC, are being utilized to mitigate some of these challenges. 
However, often times competitive software companies do not make it easy to move data from their 
solutions into others in the hope that they hold the data captive and thus the user committed to their 
software suite as well. Third, the increase in data, IoT, and AI will expand the technology risks 
and exposure to cybersecurity attacks. We are witnessing transportation organizations being 
attacked by bad actors and those seeking to enrich themselves through ransomware attacks or 
worse simply disrupt our daily operations. There is also a risk associated with loss of services 
through natural disasters and other local events that impact critical ICT infrastructure.  These issues 
are addressed when the organization develops their resilience plans. Critical technologies, data, 
information, and knowledge must be protected to assure continuity of the operations.    

The Florida DOT is a leader in addressing the challenges for data and knowledge management and 
presented a model that addresses people, processes, and technologies. They are demonstrating the 
necessity of managing transportation technology and the associated data as an enterprise asset 
(FDOT 2019). Namely the Data Governance (001-325-064) establishes data governance as a 
priority, and the Enterprise Technology Governance (001-325-062) establishes a technology 
governance structure to effectively support the delivery of the Work Program, align technology 
and data, automate services, improve customer experiences, and bolster safety and connectivity on 
Florida roadways. The CIO/CTO community has successfully used this construct for deploying 
technology solutions. The Florida approach takes it to the next level to include both the IT and OT 
communities. Significantly, this model forces them to work together, identify the business needs, 
and address gaps in strategy, technologies, people skills, processes, and investments.  

An important aspect of future deployment is also making information and data available when 
needed to allow for repeatable results when used by employees. The concepts associated with 
knowledge management provide these tools. Transportation organizations are concerned about the 
impact of an aging workforce that is also becoming more mobile.  The result is a loss of knowledge 
when people move on to new chapters of their life through retirement or new career opportunities. 
AASHTO established the Committee on Knowledge Management (KM) to address these emerging 
issues (AASHTO 2019). A KM program can help a transportation organization manage the 
challenges of a transitional workforce. When considering the knowledge gained by employees 
working with and deploying the next generation of transportation technologies, a great deal can be 
lost during a transition.  The KM Committee defines Knowledge Management as an umbrella term 
for a variety of techniques that retains the know-how of transportation employees. While there 
may be some application and technology considered in creating a KM program, the real driver is 

, and not the data in the system.  When developing a 
KM program, the focus is on the people and the processes used by the organization with less 
emphasis on technology.  

 



The Virginia DOT is a recognized early adopter of a KM program. They were faced with a huge 
loss of knowledgeable people due to a large bubble of retirements. The department needed to figure 
out how to transfer the knowledge that was about to leave. VDOT explains the difference between 
information management and knowledge management this way:  

If we only needed information to get things done, then institutions would just be manuals 
and procedures, but it takes more than information to perform a function, particularly one 

why to do it a particular way  

Michigan DOT morphed their knowledge and data programs along a lengthy timeline that started 
when they were migrating to client server technology (TRB 2016). They created data sources to 

ourney when 
faced with huge employee reductions and the requirement to build new management systems 
mandated by the Intermodal Surface Transportation Efficiency Act (ISTEA) of 1991. While the 

an chose to complete the central 
databases that became the single trusted source for data about the program. As the Michigan DOT 
continued to adopt new technologies for e-construction, they applied the concepts from their 
knowledge management program to be sure that the data and information captured from all parties 
involved with a construction project are given access to the knowledge and information (TRB 
2016).  People have access to the information they need to perform the many tasks associated with 
delivering a project. 

The recent Commercial Real Estate study performed by Deloitte (Deloitte Center for Financial 
Services 2019) states that investors want companies to prioritize predictive analytics and business 
intelligence to make buildings future ready. The significance of this study is that it clearly 
illustrates the fact that the commercial construction market has moved on beyond BIM. Virtual 
Design and Construction (VDC) practices have become the norm in the vertical building industry. 
The Transportation Research Board (TRB) studies and those done by countless universities and 
others across the country all suggest that the horizontal market is following the path of vertical. 
This provides us with a glimpse into the future. 

Many of these disruptive construction technology innovations are already here. There is a wealth 
of statistical data and studies that have been done whose data can be used to help construction 
businesses of all sizes determine their path and where the most ROI will come from. As mentioned 
before, the risk versus reward can only be measured by each organization. There is a benefit to 
wait and see and learn from the pioneers. There could also be a significant risk as those early 
adopters not only become more proficient with the technology others have yet to adopt but are also 
moving on the next phases to benefit their organization, their projects and their clients. 



Throughout the process of adopting data integrated solutions and shifting from paper centric 
practices to digital solutions there are countless benefits.  The most obvious are removing 
redundancies of multiple data entries by all parties involved in the data capture and usage cycle. 
The risk of human error when data is manually transferred from one system to another are always 
very high.  Developing methods to acquire this data directly from the device that captured it, e.g. 
rovers, cameras, drones, etc., will not only all but eliminate the margin of human error it could 
also incorporate more metadata associated with the source file. Once the digital data has been 
captured, transferring that content from one system to another also becomes less of a challenge if 
neutral exchange standards are used. On October 9, 2019 The American Association of State 
Highway Transportation Officials (AASHTO) signed an Administrative Resolution AR-1-19 
Title: Adoption of Industry Foundation Classes (IFC) Schema as the Standard Data Schema for 
the Exchange of Electronic Engineering Data  (AASHTO Board of Directors 2019). Data 
standards are a necessity for successful BIM programs and the integrations being developed today. 
Firms like Infotech are forming strategic partnerships with academics, public sector committees, 
and other consultants to gain knowledge and develop strategies required to support the use of IFC.

As we move forward with the implementations of the technologies and processes discussed during 
the recent events and forums, we are compelled to address the ever-growing need for information, 
data, and knowledge management systems and processes. Without them, industry organizations 
will be overwhelmed and drowned in the data created.  A good approach is to ask: what question 
do these data answer and for whom do they serve? 
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